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ABSTRACT. The set of twenty best-known nongravitational effects affect-
ing meteoroids in interplenetary space has been divided, using a suitably cho-
sen criterion, into a group of four destructive, seven disruptive and ten dis-
turbing effects. Each of the effects is briefly characterized, giving the ap-
propriate literature. The suggested task demonstrates the possibility of using
and the usefulness of the presented classification of nongraﬂitational effects.

HECPABWUTAIIMOHHHE S3®EKTH BJVAKIME HA MAJEHKME METEOPOJIH B MEMIIJAHETHOM
[IPOCTPAHCTBE. COBOKYIHOCTL IBAIAUATK CAMUX 3HAKOMHX HErpaBUTaLMOHHEX a¢derToB
BAMAKIMX HA METEOPOuAH B MEXIJESHETHOM [IPOCTPAHCTBE DAaclpeleseHa Npu IOoMOouu
LeJ0 coo6pasHo MB6PAHHOTO KPUTEpua B TPYNNH YeTHpPeX AeCTPYKTUBHHX, CeMb IucC-
PYUTHMBHHX ¥ HecHTu AuCTypOaTuBHHX d¢dexToB. Ias xamporo orlesbHoro afdexra
IpMBeLeHa ero KOPOTKAas XapakTepucTuKa BMeCTe C cooTBeTCTBybWeH# JaurTeparypoii.
IpenjoxeHa sajfauya MOKABHBAET BOBMOKXHOCTL YNOTPeGJEHMs U NOJEBHOCTH NpelcTane-
HO#t KJaccumduKanum HerpaBUTAUMOHHHX dG(EeKTOB.

NEGRAVITASNE EFEKTY POSOBIACE NA MALE METEOROIDY V MEDZIPLANETARNOM PRIE-
STORE. Stbor dvadsiatich najzndmejdich negravitaénych efektov pdsobiacich na
meteoroidy v medziplanetdrnom priestore, je podla vhodne zvoleného kritéria
roztriedeny na skupiny &tyroch de3trukénych, siedmych disrupénych a desiatich
disturbadnych efektov. Pre kaZdy jednotlivy efekt je uvedend jeho struc¢nd cha-
rakteristika s prisludncu literatudrou. Navrhnuté udloha demonStruje moZnost po-
utitia a uZitodnost predlo¥enej klasifikécie negravitagnych efektov.
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1. INTRODUCTION

There is no doubt that larger and smaller bodies of interplanetary matter
are subject to numerous effects of nongravitational and mostly dissipative na-
ture (massloss or decrease of sizes, respectively). If the bodies of interpla-
netary matter are larger,these effects need not necessarily cause significant
changes in the physics and dynamics of the object being investigated (for ex-
ample, impacts on bodies of asteroidal types). If the bodies are small and
particularly if fine dust particles of interplanetary matter are involved,
which is what we are mainly interested in in this paper, these effects may be
responsible for changes of an essential nature.

In principle, all nongravitational, dissipative processes cause a loss of
mass or decrease in the dimensions of the original bodies or particles, possib-
ly even their complete disintegration into a number of fragments; however,
they may simultaneously cause their own trajectories to become unstable and
complicated. The dynamic consequences of dissipative processes are mainly cau-
sed by the repulsive pressure of solar radiation, the effect of which varies
substantlally and by no means simply with decreasing dimensions of the meteo-
roids. Under certain conditions, provided that the particles are sufficiently
small, some of the dissipative processes involved may have a substantial in-
fluence not only on their physical state and dynamics, but also on their life-
time in the Sclar System. From the point of view of the lifetime of the dust
componeht of interplanetary matter, the Poynting-Robertson effect is generally
considered to be most important. However, the question as to the extent to
which the lifetime of small bodies may also be affected by other effects, re-
mains open.To determine this, it is necessary to compare the efficiency of the
individual nongravitational effects. The present paper will deal with this
group of problems. According to the adopted criterion, the individual nongra-
vitational effects have been divided into three basic groups. The char#cteris-
tics of the individual effects together with the quantitative evaluation of
their efficiency at least enables the problems of their influence on the evo-
lution and lifetime of dust particles in interplanetary space to be discussed
with regard to their principal features.

2. CLASSIFICATION OF NONGRAVITATIONAL EFFECTS

The expected nature of the resultant change of the original state of the
meteoroid being investigated was adopted as the criterion of the schematic di-
vision of nongravitational effects which cause this original state to change.
The whole set of nongravitational effects may thus be divided into three basic
groups:

1. Destructive effects - effects which result in constant destruction of
the original material of the meteoroid, but which do not cause its substantial
physical change in the form of an explosion, disintegration, etc. Consequently,
these effects mostly have no direct influence on the sudden change of the dy-
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namic characteristics of meteorocids, but represent factors which create effec-
tive conditicns for a change of this kind.

II. Disruptive effects - effects which cause the disintegration, fragmen-
tation or possibly even complete extinction of the meteoroid involved. They
are responsible not only for a substantial and sudden change of the physical
parameters of the original metecroid (mass, dimensions}, but simultaneously
for a serious dynamic change, i.e. a change in the character of its motion
(velocity, direction) of the generated fragments as compared to the original
motion of the parental body.

IIT. Disturbing effects - effects which are mainly responsible for the
changes of dynamic parameters of the body involved. In the first instance,
these are effects which exert a continuous influence on the particles and re-
sult in gradual changes of the elements of their trajectories (in special ca-
ses even more abrupt changes may be involved).

Since in the cases of the first and the second group of effects, a direct
massloss (decrease of sizes) of original meteoroid is realized, one can call
these effects "dissipative".

We shall now attempt to assign the individual nongravitational effects to
the groups mentioned above, and give their brief characteristics. The referen-
ces represent the most important literature in which the particular effects
are related to problems of the dynamics and/or lifetime of small particles of
the Solar System.

I. Destructive effects

a) Impact erosion: This involves the abrasion of the surface layers of
the meteorcid due to collisions with the very small dust particles. In estim-
ating the efficiency of impact erosion, it is assumed that mainly mutual col-
lisions with classical particles'of a zodiacal cloud with prevalent dimensions
of tens of mm are involved, which means collisions with dust particles within
Jupiter’s orbit, moving ~long orbits with inclinations i = 20° (McCracken and
Alexander, 1965; Giese et al., 1978). Assumptions of the collision velocity
(~10 kms_1), particle concentration in the zodiacal cloud and estimates. of
exposure times for the individual types of meteoroids enable the actual values
of the rate of impact ercsion to be determined. In this way it was found, for
example, that the impact destruction of iron meteoroids (changes of dimensions
and mass) in the neighbourhood of the Earth's orbit tekes place at a rate of

~5x1078 cm/year which represents an original mass loss rate of ~1.3x107 14

g cm™? s™!. The rates for stone meteoroids are ~ 5x107/ cm/year and 5.0x10°

14
g cm_2 s_l, respectively. As regards cometary meteoroids, with an assumed low
density © = 0.44 g cm °, the erosion rate will increase to nv10-4 cm/year and
7.0x107 "3 g em™? s-], respectively {(Whipple, 1967). According to other authors
(e.g. Dohnanyi, 1978), however, this kind of collisions (erosive collisions)
of small projectiles (eroding particles of zodiacal cloud) with much larger
targets (eroded particles investigated in this paper) does not cause such an
effective massloss as other dissipative processes of nondisruptive character
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(e.g. corpuscular sputtering Ib, or incomplete collisional destruction Id -
see discussion also).

b) Corpuscular sputtering: This involves the sputtering of the surface
layers of the meteoroid by solar wind particles. The erosion rate in this case
has been estimated at ~ 4x10° ° cm/year. According to more recent results this
kind of fluently affecting erosion has, however, the dominant importance at
the distance ~ 1 AU from the Sun for particles with sizes less than ~ 100 um
(Kresék, 1960; Wehner et al., 1963; Whipple, 1967; McDonnell and Ashworth,
1972; Dohnanyi, 1978).

¢) Melting - ablation - evaporation: The meteoroid is melted either by
heating in interaction with the denser layers of the planet’s atmosphere (or-
dinary ablation processes), or its surface layers begin to evaporate more ab-
ruptly as it passes close to the Sun. Calculations are concentrated on deter-
mining the minimum distance from the Sun at which the particle can still exist
as a solid body in order to determine the extent of the "free zone" around the
Sun (Singer and Bandermann, 1967; 'Schwehm, 1979; Mukai and Schwehm, 1981).

d) Incomplete collisional destruction (near-catastrophic collisions): As
opposed to impact erosion, a meteoroid can also be destroyed by collisions
with particles larger than the particles typical of a zodiacal cloud (the mass
ratio of target and projectile is decreésing). This kind of destruction one
can understand as transitional type between the impact erosion (where eroding
particle is much smaller than the eroded one) and the extinction of eroded me-
teoroid by collision (catastrophic collision - where physical paremeters of
eroding particle are comparable to those of eroded one) and it should be dis-
tinguished from erosion of any kind. Unfortunately, more precise statistical
evaluations of this way of massloss (sizes) are still absent}(Piotrowski; 1953;
Wetherill, 1967; Whipple, 1967; Dohnanyi, 1972; Belkovi& et al., 1978; Trulsen
and Wikan, 1979).

II. Disruptive effects

a) Windmill effect: The pressure of electromagnetic solar radiatiod may,
if the geometry of the surface of the meteoroid is irregular, causes an in-
crease of its axial rotation until finally the meteoroid disintegrates due to
rotation. For idealized particles the time required for this type of rotation-
al disintegration is only 60 years. For actual particles the time required may
be as much as 60x10° years. Calculations of the time required for this disin-
tegration are problematic and display a large scatter of the resultant values
not only because this type of mechanism depends strongly on the external geo-
metry of the body, but also because the rotation may be magnetically deceler-
ated if, for example, the meteoroid is purely metal or stone (Jacchia, 1963;
Paddack, 1969; Sparrow, 1975; Paddack and Rhee, 1976).

b) Radzievsky effect: Another type of rotational disintegration occurs if
the particle’s rotational velocity is increased by radiation due to the non-u-
niform distribution of the albedo on its surface. For example, it was found
that 1 cm3 of granite at a distance of 0.4 AU from the Sun will disintegrate

102

© Astronomical Institute of the Slovak Academy of Sciences + Provided by the NASA Astrophysics Data System



in this way after 103 years (Radzievskij, 1954; Paddack and Rhee, 1975; Spar-
row, 1975).

c) Electrostatic explosion: As a result of the interaction of energy
Quanta of solar radiation with a dust particle, the particle may acquire an
increasingly larger positive potential which finally ends in electrostatic ex-
plosion. Numerous difficulties and particularly the high value of positive po-
tential that is required (several-hundred Volts) do not meke this disintegra-
tion mechanism particularly realistic. More profound theoretical analyses of
this problem are, unfortunately, not available. However, it should be pointed
out that analogous calculations of the electrostatic disintegration of inter-
stellar and intergalactic dust particles indicate that the alternative of a
similar disintegration of interplanetary dust particles cannot be ignored
(Fechtig and Hemenway, 1976; Wyatt, 1977; Hughes, 1979; Svestka, 1981).

d) Catastrophic collisions: As opposed to impact erosion (Ia), or incom-
plete destruction by collisions (Id), complete fragmentation of one or two
collision components may occur particularly when particles with the same or
similar physical end dynamic parsmeters collide. Both the massloss and the
change of dynamics of original meteoroid are in this case practically unlimit-
ed (the meteoroid is completely destroyed, giving rise to many individual
fragments) and therefore this process is decisive in considering of the life-
times of the particle. In spite of this fact, however, because of its charac-
ter (random production, successive total changes both of original dynamical
parameters and state of meteoroid) this effect is not suitable e.g. for study-
ing successive, fluent changes appearing at physical and dynamical evolution
of the meteoroid (Dohnanyi, 1972, 1978; Trulsen, 1976).

e) Corpuscular breakup: Under certain conditions (solar flares; particles
composed of water ice; obsidian and magnetite) a much larger loss of mass may
occur when solar wind particles interact with a meteoroid than in the case of
corpuscular sputtering (Ib), and the particle may practically disintegrate in
this way (Mukai, 1979). ‘

f) Sublimational breekup: This is an analogy of ordinary evaporation and
ablation of the surface layers of the meteoroid (Ic) which, -however, take pla-
ce with much larger intensity until complete destruction of the original par-
ticle occurs. This mechanism is in evidence particularly when abrupt penetra-
tion of the meteoroid into very dense layers of the atmosphere occurs (total
ablation within a short period), or the particle is moving at distances of '
less than 0.1 AU from the Sun (roughly 20 solar diameters). Within this zone
the loss of mass or the decrease in the radius of the original particle due to
corpuscular sputtering (Ib) are negligible and the decrease in radius due to
evaporation takes place at a rate of at least 10 am per year. This mechanism
of abrupt evaporation to sublimation is more effective in so-called "fluffy"
particles, especially if the core is stone and its envelope of ice (Kaiser and
Newkirk, 1967; Singer and Bandermann, 1967; Fechtig and Hemenway, 1976).

g) Chemical breakup: This mechanism again comes into consideration with
"fluffy" particles in which the individual components can be structurally di-
vided into core and envelope. Under particular conditions of chemical composi-
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tion of the core and envelope, such particles may disintegrate complete when
they penetrate into the Earth’s ionosphere (Fechtig and Hemenway, 1976).

III. Disturbing effects

a) Effect of solar electromagnetic radiation (direct light pressure):
This effect is closely related to the Poynting-Robertson effect (IIIc). Among
the non-gravitational effects, these two are of the greatest importance for
studying the dynamics of small particles in the Solar System. The outdirected
solar pressure always acts on the particle against the gravitational force of
the Sun. Its effect mainly depends on the dimensions of the particle in ques-
tion. If the meteoroids are of larger dimensions, the outdirected pressure can
be neglected in comparison to the Sun’s gravitational force. As the size of
the particle decreases, however, the efficiency of radiation pressure is chan-
ged in a more complicated way, substantially in dependence on physical and op-
tical properties of particles (size, shape, chemical composition, dielectric
properties, absorbtion, scattering, diffraction, refraction, etc.),with more
serious consequences to their dynamics (Poynting, 1903; Debye, 1909; Robert-
son, 1937; Wyatt and Whipple, 1950; Whipple, 1967; Burns et al., 1979; Mig-
nard, 1982).

b) Solar wind corpuscular pressure: The escape of solar wind particles
into the surrounding interplanetary space causes, apart from erosion effects
(Ib) with possible corpuscular breakup (IIe), also direct disturbances in the
motion of the particular particle in two ways: by direct radial pressure of
corpuscular radiation and by the so-called pseudo Poynting-Robertson effect
(IIId). With a view to the spatial concentration and velocity of propagation
of the individual components of the solar wind, it has been estimated that
corpuscular pressure is 3 to 4 orders of magnitude weaker than the pressure
due to solar electromagnetic radiation (II1Ia). Even the comparison of the
Sun’s gravitational force with this pressure indicates that also under extreme
conditions (solar flares) the gravitational effect is at least a hundred times
as large (Vedder, 1966; Whipple, 1967; Dmitrievskij and Kostylev, 1975; Polya-
khova, 1977; Burns et al., 1979; Mignard, 1982).

c) Poynting-Robertson effect: Apart from the outdirected solar pressure
acting on the particles (I1IIa), the absorption of solar energy by the particle
and its isotropic emission causes a small force to be generated along the tan-
gent to the trajectory which decelerates the particle in orbit. This tangent-
ial force decreases the kinetic energy and the orbital angular moment of the
particle. Consequently, the particle is forced to move to an orbit closer to
the Sun. Since this decelerating force acts continuously on the particle, the
trajectory of the meteoroid cannot close and the meteoroid should constantly
approach the Sun along an elliptical spiral. This effect does not change the
orbital plane of the particle since the Sun is located in the orbital plane of
the particle (the orbit inclination and node remain unchanged). Also the chan-
ge in the position of the perihelion is negligible provided the original orbit
is sufficiently eccentric. However, changes of the semi-major axis and orbital
eccentricity cannot be neglected in this case. Using mathematical relations
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for the secular rates of change of the orbital elements mentioned, one is able
to derive a relation.which expresses the time required for the particle to
spiral from the original elliptical orbit to the Sun’s corona and become ex-
tinct (Poynting, 1903; Robertson, 1937; Wyatt and Whipple, 1950; Plavec, 1956;
Whipple, 1967; Burns et al., 1979; Mignard, 1982).

d) Pseudo Poynting-Robertson effect: This is another way in which the
motion of 'a particle is dynamically |disturbed, connected with direct corpuscu-
lar pressure {(IIIb). Analogously with the Poynting-Robertson effect (IIIc),
caused by the pressure of electromagnetic radiation (IIIa), also in this case
an effect is generated which in its final consequence contributes to the nor-
mal Poynting-Robertson decelerating force. With a view to the estimate of the
proton flux at 1| AU from the Sun (about 2x10° cm™2 s_1) it is assumed that the
pseudo Poynting-Robertson effect increases the classical Poynting-Robertson
effect by about 22% (Whipple, 1955; Whipple, 1967; Biermann, 1967; Burns et
al., 1979).

e) Yarkovsky effect: This effect is created by a small excess of the "ev-
ening" temperature on a spherical rotating body as compared with the "morning"
temperature. It was found that this temperature excess in reverse rotation
causes a deceleration of the body’s motion very much like the Poynting-Robert-
son effect, and that both these effects add up. However, under direct rotation
of the particle, both these effects compensate each other. More detailed stu-
dies have shown, apart from the complicatedness of the interrelations of these
effects (dependence on the temperature difference, on the inclination of the
particle equator to the orbital plane, on the orbiting velocity of the parti-
cle, etc.), also that the Yarkovsky effect will come to bear with larger mete-
oroids belonging to the bolid class (OUpik, 1951; Radzievskij, 1952; Lovell,
1958; Polyakhova, 1977; Dohnanyi, 1978; Burns et al., 1979). '

f) Cosmic-ray effect: The consideration of this effect is of theoretical
rather than practical significance. It was found that, in spite of the high
individual energies of cosmic-ray particles and considerable cosmic-ray pres-
sure in interplanetary space, their direct disturbing effect on the orbits of
dust particles is very small and, compared to other dlsturblmg non-gravitatio-
nal effects, it may be neglected (Sitte, 1970).

g) Collisional drag: Apart from the effects due to collision drag between
particles of the same or different type (Ia, Ib, Id, IId, IIe, IIId, IIIf),
studying the dynamics of dust particles also their deceleration due to mutual
collisions of the particles of the zodiacal cloud is considered. The general
opinion is that the decelerating force, generated in this way, is very small
and that it can be neglected in nearly all dynamic considerations. However,
for the sake of completeness, it should be mentioned that this question is
much more complicated in special cases and that conclusions become ambiguous
particularly if detailed investigation of the decelerating effect due to the
Poynting-Robertson drag and to mutual collisions, is made (Belkovié& et al.,
1978).

h) Coulomb force effect: Since it is nearly certain that solid bodies in
interplanetary space acquire a certain electrostatic potential, one may also
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consider the disturbance of their original orbits in electric and magnetic
fields due to Coulomb and Lorentz forces (IIIi) regardless of the controversial
discussions concerning polarity and level of potential. In comparison with
other disturbing effects, the effect of Coulomb’s force on a charge dust par-
ticle in electric fields is negligible (Shapiro et al., 1967; Peale, 1966;
Singer and Bandermann, 1967).

i) Lorentz forcé effect: This effect appears when a charged particle is
moving in a magnetic field. The opinions as to neglecting this effect are not
as uniform as in the case of Coulomb’s force (IIIh). Some of the more detailed
analyses have even proved that in special cases the effect of this force on
particles with a radius smaller than 1 um and a positive charge of 10 V may
exceed the Poynting-Robertson effect. However, in general this force is neg-
lected in most theoretical studies, also apparently as a result of the more
recent measurements of the characteristics of the interplanetary magnetic
field which, apart from its interesting sectorial structure, have also proved
that its total intensity is low (Parker, 1964; Belton, 1967; Singer and Ban-
dermann, 1967; Polyakhova, 1977; Consolmagno, 1979).

j) Differential Doppler effect: Other very subtle effect operates, be-
cause the light emitted from retreating eastern hemisphere of the Sun will be
red-shifted (decreasing its momentum), while photons from the approaching
western hemisphere of the Sun will be blue-shifted (increasing their momenta) .
This asymmetric delivery of radiation momentum results in additional transver-
se force on particles. A more detailed analysis shows that differential Dop-
pler effect is always less than the Poynting-Robertson effect. It becomes im-
portant only in the case when a particle is close to the solar surface or is
orbiting in a contact binary system (McDonough, 1975; Burns et al., 1979).

Figure 1 shows a schematic representation of the division of non-gravit.
processes acting on meteoroids in interplanetary space.

3. DISCUSSION AND CONCLUSIONS

As regards the classification presented above, it should also be said
that there are other miscellaneous effects of a dissipative or disturbing nat-
ure which have not been included in this classification mainly because their
physical essence is not quite clear and because of their low efficiency and
disputable assumptions on which their action mechanism is based. We refer to
many disturbing effects acting on electrically charged and extremely small
particles (=1 Nm) moving in electromagnetic fields. Some effects were not in-
cluded in the classification because they may be considered secondary, their
effect being exerted on the meteoroid only indirectly via another medium. As
an example we can mention the interaction of solar wind particles with the
atoms or molecules in outer spacé which is connected with the generation of
shock waves of a magnetohydrodynamic nature, whose direct disturbing influence
on the motion of ions and dust particles in cometary tails is the subject of
more detailed dynamic studies. As a matter of fact, the solar wind is also
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NONGRAVITATIONAL EFFECTS
ON SMALL METEOROIDS IN THE
INTERPLANETARY SPACE

DISSIPATIVE EFFECTS DISTURBING EFFECTS
DESTRUCTIVE EFFECTS DISRUPTIVE EFFECTS
Impact erosion Windmill effect Direct light pressure
Corpuscular sputtering Radzievsky effect Solar wind corpuscular
Melting - ablation - eva- Electrostatic explo- pressure
poration sion Poynting-Robertson effect
Incomplete collisional Catastrophic colli- Pseudo Poynting-Robertson
destruction sions effect
Corpuscular breakup Yarkovsky effect
Evaporation and sub- Cosmic ray effect

limation breakup Collisional drag

Chemical breakup Coulomb force effect
Lorentz force effect

Fig. 1 Differential Doppler effect

responsible for one of the few mechanisms of a non-dissipative nature, i.e.
the penetration of heavier atoms into the internal structures of solid bodies
of the Solar System (Whipple, 1967), or the accretion (by gas particles of the
solar photosphere) of a negatively charged particle escaping from the Sun’s
gravitational field (Mullan, 1977). For completeness, we should also mention
so-called electrostatic accretion which creates larger conglomerates of neutral
and charged dust particles as a result of their collisions. In actual fact,
however, in this mechanism each individual component of a larger conglomerate
continues to be subject to all the dissipative processes which prevail in the
final balance and which play the decisive role (Wesson, 1981). Nor does the
classification contain effects whose more detailed explanations authors have
not published yet, e.g. Svarc (1982) who considers the interaction of a meteo-
roid with the neutrino background and the possibility of distinguishing this
effect from other non-gravitational effects. Generally speaking, we know of no
non-dissipative process which makes a substantial contribution to the total ma-
terial balance of the small particles of the Solar System. We may thus draw
the first conclusion, i.e. that dissipative processes (which we have attempted
to classify and whose efficiency we have attempted to analyse) are absolutely
predominant in acting on the fine dust component of interplanetary matter and
that they are responsible for the constant decrease of the mass and dimensions
of the particles investigated.

A qualitatively different problem is to determine which of these effects
or mechanisms is the most important and most effective in solving a particular
problem. The answer to this question depends primarily on the nature of problem
being solved. As an example let us take the problem of the relation between the
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Poynting-Robertson effect and the outdirected solar pressure, and their conse-
quences for the resultant trend of particle motion. In selecting the effect
which would have a significant influence on solving this problem, we shall
tlearly avoid effects which act over short intervals of time and also effects
whose efficiency cannct be described mathematically more reliably (e.g. becau-
s¢ they act discontinuously and randomly). Similarly, we shall avoid effects
whose efficiency is low, as well as effects whose explicit application to the
problem on hand creates difficulties of any kind. Therefore, in selecting the
most suitable of all non-gravit. processes (which should cause an effective
and continuous change mainly of the physical parameters of the original meteo-
roid, i.e., loss of mass and diminishing of dimensions), with a view to the
character cf the individual groups of effects, we must concentrate on group I
of the destructive effects according to the classification given above.

- Of the four effects in this group melting and evaporation (Ic) are un-
suitable for our problem. Although this effect has a high efficiency, it occurs
close to the Earth (when the meteoroid enters the Earth’s atmosphere), or the
Sun (close approach to the Sun at perihelion of its orbit; final phases of the
Poynting-Robertson inspiralling to the Sun), which in itself is unfavourable
for studying the general relations with the classical Poynting-Robertson ef-
fect. Also strong gravitational effects come into play, but especially the ti-
meé scale is too short for studying these relations. For example, Singer and Ba-
ndermann (1967) claim that, at distances of less than 0.1 AU from the Sun, the
rate of decrease of the radius of a meteoroid may exceed 10 um per year. This
would indicate not only that longer observation of the evolution of particles
would be unsuitable in these cases, but also that there exists an extensive
region round the Sun with no dust particles, extending out to some 20 solar ra-
dii. In the referenced paper,tihe authors also give the actual values for thé
rate of evaporation at distances closer than 0.1 AU separately for meteoroids
of stone and metal composition, and show how any erosion is small and negligi-~
ble with respect to this effect.

With respect to our chosen problem, incomplete collisional destruction
(Id)cannot be considered as an suitable effect not only because of its confus-~
ed and uncertain value mentioned above (certainly very high), but alsc because
of its character which is random rather than continuously acting over longer
intervals of time.

Corpuscular erosion (Ib) has been determined fairly reliably as regards
its efficiency and in substance it is acting continuously over longer period
alsc. However, for more thorough analysis of changes of its efficiency in de-
pendence on other parameters (heliocentric distance, mutual energy of colli-
gions, etc.) it seems to be more suitable to choose as eroding medium not sol-
ar wind particles; but zodiacal dust particles. This holds in spite of the op-
inion that ihe corpuscular erosion rate for particles smaller than 100 um (at
the distance 1 AU from the Sun) dominates over impact ercsion rate (Dohnanyi,
1978},

We thus come to the second conclusion: from the point of view of the stu-
dy of general, slow dynamic changes in the meteoroids motion, which take place
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mainly as a result of the diminishing of their original dimensions, it is more
suitable to analyse the relations between the Poynting-Robertson effect, the
effect of the outdirected solar pressure and the appropriate dissipative pro-
cess, on the basis of impact erosion (Ia).

This conclusion was used in the previous papers dealing with dynamics and
lifetimes of dust particles in the Solar System (KapiSinsky, 1980; 1983). Sin-
ce applications of the impact erosion (see quoted papers) led to serious dyna-
mical consequences, the next step was to determine more precisely its effici-
ency (Kapisinsky, 1984). At studying its influence on the lifetime of partic-
les, this effect can be fairly appreciable, though of less extent than e.g.
catastrophic collision effect or corpuscular sputtering.

From thorough analyses of the motion of larger interplanetary bodies
(asteroids) a motion component was generated which with high probability re-
presents effects of nongravitational origin (Sitarski, 1983; Ziolkowski, 1983).
Application of the presented classification on larger bodies might serve in
the physical explanation of these nongravitational anomalies.
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