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ABSTRACT. Experimental data onlﬁmicrometeoroids obtained from different
in situ measurements are summarized and critically analysed. It is shown that
the sun hypothesis on the origin of submicron particles is rather improbable.
They apparently represent a transient phase in the complicated dynamical evolu-
tion of originally larger cosmic dust particles.

SHCIEPYMEHTAJIbHHE JAHHHE M I'MIIOTE3H OB [IPOMCXOXJEHNM BMIKPOMETEOPOMIOB.
B paGore cymspmsyercs ¥ NpOBOAMTCH KPMTHUECKMH eHAAMS LSHEHX MOLYIeHHHX pasEH-
Mj{ IDAMHMHE KOCMUYECKUMH M3MEDeHusMM SMUKDOMETEODPOMIOB. I'MnoTes& mpOMCXOXIeHMS
9TMX CYGMMKPOHHHX NHAMHOK 8 CoJHNE #BASETCS NOBOABHO HeBepoATHo#. Ckopee Bce-
FO Zexo B TOM, 4TO OHM NPEICTABASDT CeO60fi BpeMeHHOe SBJAEHNMEe B CJOXHOM JMHaMM-
YecKoM Oponecce pasBuTHA NEPBOHAUANLHO GOJBMMX NHAEBHX YACTHI .

EXPERIMENTALNE GDAJE A HYPOTEZY O POVODE SMIKROMETEOROIDOV. Previedla sa
sumarizdcia a kritickd analyza experimentdlnych ddajov ziskanych rdznymi koz-
mickymi meraniami in situ fAmikrometeoroidov. Ukazuje sa, %e slnelnd hypotéza
psvodu tfchto submikronovych Zastic je dost nepravdepodobnd. Najsk8r ide o pre-
chodné ¥tddium v zlofitej dynamickej evolicii p8vodne v#¥#ich prachovych Zastic.
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1. INTRODUCTION

In the complex of interplanetary matter as a whole, micrometeoroids are
at the very bottom of the scale of dimensions and mass. Consequently, in detec-
ting them in situ, one frequently has to operate at the very limits even of the
most sensitive recording equipment. Following the experiments on space probes
Pioneer 8 and 9, a discussion was begun concerning the recording of small me-
teoroids moving away from the Sun along hyperbolic trajectories. Zook and Berg
(1975) called these particles of micron and submicron dimensions Smeteoroids,
with a view to the high value of parameter/B, and, at the same time, proposed
the first hypothesis of their origin as being due to putting the smallest frag-
ments of collisions of larger particals of the Zodiacal cloud into hyperbolic
orbits by radiation pressure prevailing over the Sun’s force of attraction
B> n.

Apart from the fact that the dynemics of micrometeoroids is very compli-
cated as a result of many non-gravitational effects acting on them, little can
be said with certainty about the origin of/Bmeteoroids since the Pioneer 8 and
9 experiments.

This paper summarizes and critically analyses all the experimental data
on the basis of which the idea of existence of fmeteoroids was created as a dy-
namically quite peculiar group of dust particles escaping from the Solar System.
The critical analysis of the existing hypotheses of the origin Qf/Bmicrometeo-
roids has led the author to conclude that f3meteoroids if real, are probably
only a transitional phase in the dynamic evolution of ordinary dust particles.
This conclusion is essentially in agreement with those of other authors (e.g.
Le Sergeant and Lamy, 1981; Lamy, 1983).

2. EXPERIMENTAL DATA ON/BMICROMETEOROIDS

The existence of/Smicrometeoroids began to be discussed as a result of the
experiments conducted on space probes Pioneer 8 and 9 (Berg and Grun, 1973;
Zook and Berg, 1975; Fechtig, 1976; Whipple, 1976), and on the HEOS 2 satelli-
te (Fechtig, 1976; Hoffman et al., 1975). There were also the experiments on
the orbital station Skylab (Hemenway et al., 1975), some studies of microcra-
ters on lunar samples (Fechtig, 1976; Hartung and Storzer, 1973; Le Sergeant
and Lamy, 1980) and the results of the observations made by the Helios 1 sate-
1llite (Le Sergeant and Lamy, 1978; Grin, 1979; Griin and Zook, 1979).

Space probes Pioneer 8 (launched Dec. 13, 1967) and Pioneer 9 (launched
Nov. 3, 1968) carried highly sensitive detection equipment combined with acou-
stic sensors along heliocentric orbits with perihelia of 0.98 and 0.75 AU and
aphelia of 1.08 and 0.99 AU, respectively. Their heliocentric velocities were
approximately 30 km/s. The detection equipment on both probes was essentially
the same. A more detailed description of this equipment can be found in a num-
ber of papers (Gerloff and Berg, 1971; Berg and Grun, 1983; Grun et al., 1973,
etc.).In principle, an ingenious system made it possible to determine the ki-
netic energy, momentum, velocity and direction of motion of microparticles with
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energies in excess of 10'7 J (kinetic energy and direction of particles with
energies in excess oft 21:10'8 J).

The probability of false recordings of the particle impact by the basic
detector (not the microphone) is estimated at 10-7. This is also one of the re-
asons why the experiments on Pioneer 8 and 9 are considered to be highly reli-
able and their results are frequently used to make far-reaching astronomical
interpretations. In this first period of activity (more than 2 years) of the
Pioneer 9 experiment the value of the recorded microparticle flux ¢:= (2% 0.5)x
1074025~ (2Tsr)~ ! is given for the limiting sensitivity of the detectors of
51:10'12 g, which is perhaps so far the value with the lowest scatter for in si-
tu measurements. The value of the average flux for the other experiment was a-
pproximately the same. A number of authors dealt with the results of these me-
asurements, their processing, analysis and interpretation (e.g.-Berg and Ger-
loff, 1971; Gerloff and Berg, 1971; McDonnell, 1971; Dohnanyi, 1972; McDonnell
et al., 1974; Wolf et al., 1976, etc.).

However, the measurements on which the hypothesis of the existence of/hne-
teoroids is based, are related to a further period of activity of the probes.
They involve 319 recordings on the front film-grid (FFG - front film-grid e-
vents) made during the seven years of activity of the probes (Berg and Grun,
1973). Table 1 provides information about the preferred directions of the mic-
roparticles recorded by the detection equipment as a whole during this period
(Fechtig, 1976).

Table 1
Direction Number of impacts per year %

Sun 90 56.0
Apex 40 25.0
Antiapex 20 12.5
Antisun 10 6.5
Total 160 100.0

Experiment S 215 on the HEOS 2 earth satellite was very convenient for
studying the spatial distribution of microparticles as a function of geocen-
tric distence, because the satellite’s orbit was highly eccentric (apogee
240 000 km, perigee 300 to 3000 km). A total of 431 microparticle impacts was
recorded between Feb. 7, 1972 and Aug. 2, 1974. The authors divided the re-
cords according to the length of the time interval between the individual im-
pacts into three categories: swarms (2 or more impacts during 15 mins), groups
(from 2 particles per 15 mins to 2 particles per day) and rendom particles
(frequency less than 2 particles per day). It was found that 80% of all recor-
ded microparticles displayed a tendency to create swarms or at least groups.
In the perigee region (<67 000 km) 93% of all recorded particles belong to the-
se two categories. The technical details and processing of the records can be
found, e.g. in Hoffmen et al., 1973; Hoffman et al., 1975; Bedford et al.,
1975; Fechtig, 1976
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The detection of fSmicrometeoroids is difficult because the micrometeoroid
flux in the direction away from the Sun is not known in this experiment, be-
cause the detector could not be pointed at the Sun for technical reasons. The
microparticles were most frequent from the direction in which the probe moved.
The microparticle flux from this direction ¢apex = 4x10" %021 (2Tsr)~'. As
regards the other monitored directions, the fluxes were at least one order of
magnitude smaller. Table 2 gives the number of recordings from four monitored
directions per 100 cm’of detection area in the region further away from the
Earth (> 67 000 km). The table also gives the number of particles belonging to
swarms, groups or to the sporadic background. For the perigee region (<« 67 000
km) the values are aggregates of all directions (Fechtig, 1976). The 20 recor-
dings to make up the total of 431 were assigned by the authors to meteor sho-
wers active at the time of detection (Perseids 1972, Draconids 1972, Perseids
1973, Quadrantids 1973, Ursids 1973).

Tab. 2
Region Directions Duration of Swarms Groups Number of random
registration (number of particles) particles
(days)
Apex 289.0 32 1 32
Antiapex 55.1 51 4 3
Apogeum g North 263.9 - 7 14
Ecl. South 114.4 - 5 12
Perigeum all directions 69.8 206 18 16
Total : 792.2 289 45 77

The purpose of experiment S 149 on the orbital station Skylab was to de-
termine the flux of dust particles in the vicinity of the Earth, approximately
at an altitude of 430 km. Small plates of various materials (aluminium, pyro-
xene, phosphate glass, stainless steel, silver), on which the impinging par-
ticles made microcraters, were put out into space for this purpose. These im-
pact traces were then analysed by means of an electron'microscope.

With regard to the problem on hand, the experiment was interesting in
that mainly two directions were monitored, i.e. the directions towards and a-
way from the Sun. The preliminary conclusions drawn from the experiment prove
a high abundance of micrometeoroids of high velocities.

A more detailed technical description of this experiment (arrangement of
detection targets in immobile "pan" and mobile "cover", their orientation, de-
vice with the check cassette, @tc.) as well as some of the analyses (chemical
analysis of the remanents of the microparticles in the craters, rough directi-
onal analysis, etc.) can be found, e.g. in Hemenway et al., 1975; Hallgren
and Hemenway, 1976; Nagel et al., 1976 .
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A concrete example of investigating the impact traces on lunar soil sam-
ples is that of specimen No. 15205 on which about 1000 microcraters, diameters
from 0.2 to 200 um were found (Fechtig, 1976). Based on precise laboratory si-
mulation experiments and calibration, the characteristic of the impact traces
can be used to derive some of the dynamic and physical parameters of the par-
ticles which are responsible for them: e.g. velocity, mass, dimension and di-
rection of motion. In principle, also the microparticle flux can be determined,
provided the time for which the specimen involved was subject to space effects
is known (for details refer, e.g. to Hartung, 1976; Morrison and Zinner, 1976).
The study of specimen No. 15205 led to the conclusion that the analysed cra-
ters were probably caused by high-velocity micrometeoroids in which the "apex"
component and the component incident away from the Sun can be distinguished
(Hartung and Storzer, 1973; Fechtig, 1976).

The micrometeoroid flux roughly estimated from this analysis of the lunar
specimen agrees relatively well with the.flux derived from the experiments on
Pioneer 8 and 9 and HEOS 2, as well as from observations of the brightness of
Zodiacal Light. This agreement apparently led to the conviction that, even in
the case of particle impacts on the lunar surface, this at least partly invol-
ves collisions of the Moon with fmicrometeoroids escaping at hyperbolic veloci-
ties away from the Sun.

3. ANALYSIS OF THE EXPERIMENTAL DATA ON/BMICROMETEOROIDS

The micrometeoric experiments on space probes Pioneer 8 and 9 may really
be considered so far as the most successful observations mede in the history
of direct micrometeoric detection ever. The experiments on space probes Pio-
neer 10 and 11 partly tie in with these achievements. The reliability of the
measurements of the basic characteristics of micrometeoroids (flux, mass) in
the Pioneer 8 and 9 experiments was also proved by more detailed analysis and
comparison of these observations with other reliable experiments (Kapi3insky,
1979). However, the Pioneer 8 and 9 experiments also had a more exacting task,
i.e. to determine the individual trajetories of the detected microparticles,
which is not only necessary to supplement our very meager knowledge in this
field, but also to contribute to solving some important astronomical problems
(e.g. the question of the existence of mirometeoric showers, relation with or-
dinary meteoric showers and comets, problems of fmicrometeoroids, etc.). In
general, it may be said that the experiment did not come up to expectations
in this task.

The determination of the complete orbits of microparticles (8 cases) du-
ring the first two years of activity of the probes is discussed in detail, e.
g. in the paper of Berg and Gerloff (1971). In two cases, the results even in-
dicate certain correlations with the longitude of the ascending nodes and in-
clinations of the orbits of comets Encke and Grigg-Skjellerup. Berg and Ger-
loff do not consider just the observed data to be absolutely reliable, but al-
so their astronomical interpretations.

The objections to the reliability of the determined orbits are based on
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the low probability of the measured elements of these orbits. In comparison with
the elements of orbits of ordinary meteoroids, the orbits of the detected par-
ticles display small values of the semi-major axis, but namely conspicuously
swall perihelion distances (with the exception of one case). There is the ques-
tion whether such a small particle in the close vicinity of the Sun would not
evaporate before it could continue in its orbital motion.

Other doubts are associated with the function of the detection system it-
self. The device used to measure the velocity and direction of the particles
is as yet unable to determine these quantities with an accuracy sufficient to
determine reliably the individual orbits. The apparatus used in the Pioneer 8
and 9 experiments enables the velocity of the particle to be determined with
an error of * 10% and the direction of motion with an error of as much as *30°.

The precipitate conclusions of Berg and Gerloff were also criticized by
Levin and Simonenko (1972) who expressed strong doubts namely with regard to
the relation of two microparticles to comets Encke and Grigg-Skjellerup. The
authors also pointed out that the small perihelion distances of most detected
particles were unrealistic. They consider all these facts to be the result of
inaccuracies in determining the particles direction and velocity. From the po-
int of view of the dynamics of dust particles it also seems to be improbable
that the spiralling towards the Sun takes place in the plane of the orbits of
the comets mentioned (Kresdk, 1976).

One can thus say that the statement concerning the high quality and reli-
ability of the Pioneer 8 and 9 experiments refers only to the determination of
the particle flux in dependence on their mass, but that it is not acceptable
without exception as regards the measurements of velocity and radiant of the
detected particles. In spite of critical exceptions to some of the results of
the first two years of the probes'activity, the results of these experiments
continue to be considered very reliable with a view to other successful obser-
vations. Perhaps this is also the reason why the hypothesis of the existence
of pmeteoroids, based on the Pioneer 8 and 9 experiments, is automatically con-
sidered to be a fact sufficiently verified. However, closer examination indica-
tes that the matter is not as simple as it would seem.

The directional analysis of 319 recording obtained during the 7 years of
activity of the probes, can be used to draw the conclusion that the most micro-
meteoroids collided with the detector in two basic directions: from the direc-
tion away from the Sun and from the direction of the probe ‘s apex. As regards
the direction away from the Sun, the largest number of microparticles were re-
ally recorded per year. Also fmeteoroids could have been among these micropar-
ticles. However, as more detailed analyses of the experimentators themselves
(Berg and Grin, 1973) indicate, the velocities of the particles moving away
from the Sun could not be determined. In spite of this, some specialists (in
particular, Berg, Gerloff and Grin) came to the conclusion that the particles
involved were extremely small (dimater <1 aum) and that they were moving away
from the Sun at high velocities (>50 km/s) and may, thus, represent individual
[micrometeoroids.

In the case of the experiment on the HEOS 2 satellite, the problem of de-
tecting fmicrometeoroids is more complicated. The derived particle flux from
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the apex direction and direction to the south pole of the ecliptic was about
one order of magnitude larger than the fluxes from the other directions (anti-
apex and northern pole of the ecliptic). Sporadic recordings showed certain in-
creases in frequency (about 5-times as compared to the frequency in interpla-
netary space (defined by distance> 67 000 km), in the region of the perigee
<67 000 km).

The fact that the detectors could not be pointed at the Sun for techni-
cal reasons, is important for our problem. We thus have in fact no information
about the particle flux from this direction. Moreover, further detailed analy-
sis showed that the abundant flux of micrometeoroids in the direction from the
south pole of the ecliptic is formed by particles which are much smaller and
faster than the particles coming from the apex direction (Hoffmann et al.,
1975). The claim that the HEOS 2 experiment proved the occurfence of/Bmicrome—
teoroids is, therefore, doubtful to some extent.

No more extensive and mainly clear-cut conclusion can be drawn regarding
the reliability of the proof of the existence of fmicrometeoroids based on the
measurements made on Skylab and Helios I and the information available. However,
it seems that this evidence is even more doubtful than in the case of the HEOS
2 satellite.

Obtaining knowledge about fmicrometeoroids by studying the impact craters
on lunar samples has its specific difficulties. These consist in the amount of
auxiliary and by no means simple steps. For example, this concerns the estima-
tion of the time for which the particuler specimen was exposed to space effects,
estimation of the rate at which impact phenomena are erased and specimens ab-
raded by various effects, the conversion of the surface density of microcra-
ters to microparticle flux, etc. To these steps we have to add also the more
complicated simulated laboratory meaurements which involve a number of not par-
ticularly certain assumptions. One can also take into account the creation of
parasitic effects such as secondary or even tertiary microcraters which occur
as a result of the everyday bombardment of lunar specimens (Le Sergeant and La-
my, 1980). In spite of these difficulties and uncertainties, it is generally
accepted that lunar microcraters with diameters of less than 1 um were created
by collisions with fmicrometeoroids. This opinion is independently supported
also by some studies of a theoretical nature (e.g. Dohnanyi, 1976).

4. EXISTING HYPOTHESES OF THE ORIGIN OF MICROMETEOROIDS

Regardless of the short history of the fmicrometeoroid problem, there are
already a number of papers at least touch on the possible mechanism of their
generation. According to the proposed possibilities of the generation of Ami-
crometeoroids, all the existing hypotheses can be divided into three main
groups: 1) collision hypotheses, 2) evaporation and melting hypotheses, 3) so-
lar hypotheses.

1) Collision hypotheses (Dohnanyi, 1976; Fechtig, 1976). Micrometeoroids,
moving in heliocentric orbits, gradually spiral towards the Sun as a result of
the Poynting-Robertson effect. In the course of this motion, they collide with
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each other frequently namely in the space between the Sun eand the Earth. The-
se collisions generate many smaller fragments. The hypothesis makes the simpli-
fied assumption that many of these fragments may have masses (dimensions) be-
low the limit where/3>1, and are then, as a result of the predominating pre-
ssure of solar radiation, permanently carried away from the Sun and, having a-
chieved sufficient acceleration, they are finally emitted from the Solar Sys-
tem along hyperbolical trajectories. It is in this last stage that they should
be recorded by detectors as submicron particles with over-parabolic velocities
moving away from the Sun, i.e. as fmicrometeoroids.

2) Evaporation and melting hypothesis (Belton, 1967). As opposed to the
preceding collision hypothesis, this hypothesis makes the assumption that the
particle is diminished to critical dimension (for 8> 1) mainly by evaporation
of the surfaces layers of the meteoroid in the immediate vicinity of the Sun.
This process is further supported by fragmentation if the particle consists of
chemically variable material with different melting temperatures and evapora-
tion temperatures. The particle may thus achieve its critical dimension close
to the Sun either by direct evaporation, or by fragmentation after its hetero-
geneous components have melted. According to Sekanina (1976), deliberations on
the dynamics of microparticles generated in this manner lead to the conclusion
that the mechanisms mentioned are capable of explaining the basic characteris-
tics of the occurence of fmicrometeoroids.

3) Solar hypothesis (Hemenway et al., 1972). It is also sometimes referred
to as Hemenway s hypothesis after the main author. According to this hypothesis,
most /3 micrometeoroids have their origin directly on the Sun’s surface. Later
version specified the place of origin of/Bmeteoroids as the cooler regions abo-
ve sunspot umbrae (Hemenway, 1976). The solar hypothesis drew most attention
and controversies and, therefore, more space will be devoted to its analysis
in the next section.

Other alternative possibilities of the origin, or at least explanation of
the 8 micrometeoroid phenomenon, which can be found in the literature, are not
given here mainly because they represent versions of one of the hypothesis in
the groups mentioned, or because they have not yet been developed to the degree
the known hypotheses have.'Finally, some possible sources of interplanetary
dust and the explanation of the origin of fmeteoroids are discussed in the con-
clusion of this paper.

5. ANALYSIS OF EXISTING HYPOTHESES OF THE ORIGIN OF /SMICROMETEOROIDS

The collision hypothesis as one of the possible mechanisms of the origin
oflﬁmicrometeoroids is mentioned in the literature, giving a generally formu-
lated physical concept. There are strong doubts that this single mechanism (co-
llisions between larger meteoroids in heliocentric orbits) is capable of pro-
ducing a sufficient number of fmeteoroids. The problem is the more complicated
in that even after more detailed computations of the probability of mutual co-
llisions, we are unable to determine (with a view to the conclusions about the
uncertain experimental base of/mneteoroids) whether the microparticles produced
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in this way are sufficient in number. On the other hand, a sufficient number
of precise theoretical analyses have been made, concerning the collision type
of production of dust particles (Dohnanyi, 1978; Le Sergeant and Lamy, 1981)
of which at least some lead nearly uniquely to the conclusion that this mecha-
nism of fmeteoroid origin is very improbable (Le Sergeant and Lemy, 1981; La-
my, 1983). This is mainly based on the fact that the collision mechanism is
considered apart from other destructive effects, which is hardly able to gua-
rantee the required production of fAmeteoroids.

The last mentioned deficiency also fully applies to the evaporation and
melting hypothesis. This hypothesis also neglects other destruction effects
and concentrates on just two mechanisms (evaporation and meltin of the surfa-
ce layers of the original meteoroid, and on its disintegration after melting,
provided it consists of two or more heterogeneous components). The hypothesis
is limited to these two mechanisms apparently in an effort to explain simulta-
neously theé place of origin and the directionality of the fmeteoroids (radial
motion away from the Sun’s vicinity). It is indeed probable that in the imme-
diate vicinity of the Sun, where the two mechanisms are most effective, the
parameter /3 will exceed unity for the given meteoroid due to abrupt ablation
or ablative disintegration. However, for this to occur, the perihelion distan-
ce must be really small, which is not very probable with a view to the distri-
bution of perihelion distances of larger meteoroids. This objection is also
supported by the observation made by the solar probe Helios I, the purpose of
which was to prove the existence of the so-called "free zone", a region with
no dust particles in the inmediate vicinity of the Sun. Preliminary results
indicate that, at distances of less than 0.09 AU from the Sun there is no Zo-
diacal dust cloud (Leinert et al., 1978), and this agrees relatively well with
other results (e.g. T. Mukai and S. Mukai, 1973).

Hemenway ‘s solar hypothesis really drew most controversy. According to He-
menway, Hallgren and Schmalberger (1972) the origin of at least a substantial
part of fmicrometeoroids is directly on the Sun. According to the authors of
this hypothesis, submicron particles with a high content of rare and heavy e-
lements, detected during rocket flights over Kiruna (Sweden), are generated
on the Sun, most probably in regions between granules, or in the regions of
sunspots. In spite of the serious problems encountered in this hypothesis, He-
menway (1976) has not discarded it. Within the scope of this hypothesis, the
fast submicron particles recorded exclusively at high geographic latitudes can
be explained as due to their concentration in the strongly condensed magnetic
field of the Earth. This concept of the strong effect of magnetic forces on
the charged microparticles was utilized in other connections by Stratford
(1976) in explaining the chemical peculiarities of Ap stars.

A whole series of problems arises in connection with the solar hypothesis.
First of all, there is the question of polarity and the magnitude of the poten-
tial of particles generated on the Sun, as well as the possibility of their
interaction with the Earth’s magnetic field. According to earlier and recent
studies, it is generally being accepted that the microparticles in interplane-
tary space most probably have a low positive potential, of the order of +10 V
(see, e.g. Spitzer, 1941; Fesenkov, 1965; Belton, 1966; Peale, 1966; Rhee,1967;
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Mukai, 1981). However, the situation becomes quite different if one admits

that the particle is generated in the solar atmosphere, or directly in a sun-
spot. Before the particle is able to leave the Sun’'s gravitational field and
reached, e.g., the Earth’s atmosphere, it must cover large distances in the me-
dium of the solar atmosphere. In this connection, gas particles of the solar
atmosphere cause the particle to "grow" (by accretion of particles of this gas),
but also destruction due to bombardment of the surface layers of the particle
being generated. The rate of action of both mechanisms depends on the charge
which the particle moving in this medium is carrying. A realistic calculation
for an actual model of the atmosphere was made by Mullan (1977) who, drawing

on Mathews (1969) study, came to the conclusion that the particle, in the spe-
cial case of the medium of the solar corona, acquires a low negative charge.
The negative charge of the particle in the corona increases the rate of accre-
tion on the part of the positive ions of the solar atmosphere, but this nega-
tive charge is not an obstacle to the compensating sputtering effect. For the
sake of completeness, it should be mentioned that the probability of the par-
ticle acquiring a positive charge in the corona is low. This could only occur
under the condition that it would be generated by one of the following elements:
Ba, Sc, Eu, K, La, Li, Na, Ra, Rb or Sr. The positive charge would be small a-
nyway and would only have a negligible effect on the rate of the sputtering e-
ffect (Mullan, 1977).

We shall now devote our attention to the question of the escape of the
charged particle from the Sun’s gravitational field due to the pressure of so-
lar radiation. The situation is more complicated in this case. If this pressu-
re dominates over attraction (3>1), the‘particle is able to start escaping
from the Sun, however, its escape is decelerated by the resistance of the me-
dium (gas). Moreover, the dimensions of the particle may drop to the limit at
which the radiation pressure, as a result of light diffraction, is no longer
sufficiently effective and gravity will again become stronger (p-<1). This si-
tuation may occur namely if the rate of destruction of the particle's surface
by sputtering (solar sputtering effect) of gas atoms is larger than the com-
pensating mechanism of accretion of the particle material due to these atoms.
The escape of the particle from the Sun’s gravitational field, therefore, de-
pends on the ratio of the rates with which these two mechanisms act. Otherwise,
the situation can be characterized by the question whether the velocity of the
particle is sufficient for it to escape the Sun’s gravitational sphere before
it becomes decelerated by the decreasing effect of the repulsive radiation pre-
ssure as a result of light diffraction on too small particles. This problem
was studied in detail by Mullan (1977); he chose his assumptions models and pa-
rameters for computation to give the particle as much chance of escaping from
the Sun as possible, i.e. to create the best conditions possible for the vali-
dity of Hemenway s hypothesis. In spite of the procedure he adopted, the author
came to the conclusion that the particle would not escape from the Sun’s gra-
vitational field, but that sooner or later it would be completely destroyed in
hot plasma. There is no realistic way of making the repulsive radiation pressu-
re on the particle prevail over the gravitational force of the Sun for a su-
fficiently long time. Moreover, it should be added that, for submicron partic-
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les, direct sublimation is very serious problem with regard to destruction,
not only in the Sun’s atmosphere, but also in its immediate vicinity. By neg-
lecting this effect, Mullan created quite favourable conditions for the solar
hypothesis. On the other hand, howéver, one may object that also the dynamic
effect of the solar wind particles may contribute to the particle's escape. A
more detailed analysis has proved that the parameters of the solar wind (in
particular the veloecity) would have to have quite improbable values to genera-
te any effect at all.

If in spite of these serious objections) we were to accept the fact that
at least some particles escape from the Sun, we would be faced with the prob-
lem of how they can be trapped and accumulated at high geomagnetic latitudes.
This prompts another question: Why were these particles, coming from the Sun,
detected at only one place on Earth ? More detailed investigations using the
relations for extreme rigidity of the geomagnetic field in the equatorial re-
gion and for rigidity at the poles (magnetic rigidity of the particle, or the
strength of its material - Haymes, 1971) indicate as highly improbable that the
geomagnetic field would be capable of accumulating larger concentrations of
charged particles at higher geomagnetic latitudes. On the contrary, one might
expect all geomagnetic latitudes to be accessible to these particles (Mullan,
1977). The fact alone that particles with an abundance of rare and heavy ele-
ments were recorded only at a single place on Earth calls for a local expla-
nation. First of all, it should be mentioned that Kiruna is a region with rich
iron ore deposits in which the content of apatite is abnormally high (Park and
MacDiarmid, 1964). However, apatite is one of the ordinary minerals which may
contain a considerable amount of rare elements. The same situation can be fo-
und in the region of Kirovsk on the Kola Peninsular, just 500 km as the crow
flies east of Kiruna. One is thus Jjustified in assuming that the higher local
concentration of particles with a higher content of rare elements in the at-
mosphere over Kiruna may be due to the mining of ores in the Kiruna-Kirovsk re-
gion, where the stirred up dust reaches altitudes of about 100 km and may pro-
ve to be a false object (even for a longer time), especially with regard to
sampling experiments with high-altitude rockets (for details refer to Kapi¥in-
sky, 1975). Consequently, also this "non-space" local explanation of the ori-
gin of the detected particles can be added to the objection to the trapping of
particles at high geomagnetic latitudes by magnetic forces. To verify this ex-
planation, Mullan (1977) has proposed similar measurements to be made in a re-
gion on the other hemisphere where there is no danger of contamination. He ac-
tually proposed the Halley Bay region in the eastern Antarctic (75.5208,26.79°W)
which is conjugate in geomagnetic latitude to the Swedish Kiruna (Kiruna 65.3°N,
Halley Bay 65.8°s geomagnetic). If the occurrence of the particles involved we-
re also to be proved in this region, this would give support to the solar hy-
pothesis, however, only to the extent that the particles enter the atmosphere
from outer space and that they are concentrated by magnetic forces at high geo-
graphic latitudes.
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6. DISCUSSION AND CONCLUSIONS
L

The contents of the preceding sections clearly indicate that there are
still serious doubts as to the reliability and even realness of the frequent
evidence of fAmicrometeoroids in measurements in situ as indicated by some ex-
periments. Naturally, the interpretations of these experiments in an effort to
explain the origin of the detected particles are even less clear. One cannot
accept the procedures which introduce further, sometimes even very improbable
assumptions to explain some of the discrepancies in measuring the flux of [Ame-
teoroids. As an example, one might mention the attempt at explaining why the
decrease in the concentration of dust particles with increasing heliocentric
distance does not continue in regions 2 to 5 AU distant from the Sun (as indi-
cated by the observations of Pioneer 10) by introducing the hypothesis that ma-
ny meteoroids at distances of over 3 AU from the Sun are composed nearly exclu-
sively of ice, and also the assumption that they are subject to the complica-
ted sputtering effect due to the solar wind (Zook, 1979). )

It is therefore, highly desirable to make as many micrometeoric in situ
measurements of high accuracy as possible which would add to our meager know-
ledge not only of fmicrometeoroids, but also of the other components of the fi-
ner constituents of interplanetary matter. Indeed, without accurate measure-
ments of velocity and direction of small meteoroids and without increasing the
sensitivity of detectors even substantially below the picogramme region, one
would hardly be able to solve reliably the most pressing problems of micromete-
oric astronomy. Apart from the problem of the/B particles we have discussed, we
are actually referring, e.g. to problems of the relationship betweeh comets and
micrometeoroids, the existence of micrometeoroid showers, or to probiems of the
definitive stabilization of the concept of two independent dust populations pro-
posed by Le Sergeant and Lamy (1978, 1980), as well as to problems associated
with the dynamically peculiar class of so-called [{-meteoroids which should re-
present a kind of transition between larger meteoroids spiralling to the Sun as
a result of the Poynting-Robertson effect and the small [meteoroids escaping
from the Sun (Grun and Zook, 1979).

A quite curious situation now reigns in analysing the hypotheses of ori-
gin of fBmeteoroids, presented so far. In analysing them, as already mentioned,
we do not know with sufficient accuracy the intensity of the flux of fSmeteoro-
ids which the mechanism of the presented hypothesis is expected to explain, be-
cause of the doubts about the experimental data. However, this is a situation
similar to that in solving the general problem of stability of the dust complex
of interplanetary matter as a whole. Also in this case the problem of stabili-
ty and origin of particles of the Zodiacal cloud is immediately complicated by
uncertain estimates of its total mass and then by the budget of supplementary
sources and mechanisms which empty the cloud. It seems that we should look for
the origin of fmicrometeoroids in searching for the sources of interplanetary
dust in connection with its more complicated dynamic evolution. This is the
trend some authors are now adopting in a number of their papers. One is in fact
quite Jjustified in assuming that the primary source of micrometeoroids (the so-
urce of the original larger meteo=nid) may be represented by a number of objects
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of the Solar System. In principle, all its objects qualify, because all of
them are capable of producing dust particles. Wether this parent body is also
the primary source of fmeteoroids can only be decided by the characteristics
of the released particles involved: first of all dimensions, direction and he-
liocentric velocity. A more detailed analysis will then eliminate some paren-
tal bodies as direct sources of fmeteoroids, because these bodies in the in-
tensity and mechanisms of release of dust particles, in distribution by dimen-
sion and mass of the produced material, as well as in the capability to inject
the individual particles into various heliocentric orbits. In this connection,
in searching for posiible sources of micrometeoroids, in particular fmicrome-
teoroids, attention is being turned to comets. This is so apparently because
the injection of dust from the cometary nucleus (by transferring the momentum
of escaping gases from the core) into interplanetary space is in fact the only
observed and verified mechanisms of microparticle release. Although there is
still considerable uncertainty in estimating the overall amount and rate of
production of cometary dust and in the distribution of the released material
by size and velocity, nevertheless recent estimate prove that short-period co-
mets are capable of producing hardly 2 to 3% of the dust material required
(Delsemme, 1976; R8ser, 1976). This problem was also treated in more detail by
Kresdk (1979a,b) who proved that the present population of active comets made
a small contribution to the present population of meteoroids (less than 1%),
the main source being the short-period comet Encke (it contributes 5 times as
much as all the other active comets together). The author points out the ne-
gligible contribution of dust material from the dissipation of the annual lar-
ge meteoric showers without known parental bodies and also proves that even
the asteroidal origin of the dust material causes serious difficulties (colli-
sions between Apollo-type objects might be considered). It was found that not
only in searching for primary sources of fmeteoroids, but also for sources of
interplanetary dust in general, several exceptional objects, or mechanisms and
effects would most probably be involved. Similarly,it seems most probable that
the dust complex as a whole is not in permanent material equilibrium, but that
this population is variable in amount and shape over a time period of about 104
to 106 years (Delsemme, 1976; Kresdk, 1979a). However, considerable uncertain-
ty still reigns in the problems of stability of the Zodiacal dust cloud, or of
its supplementation mainly by cometary dust. Moreover the whole problem is ve-
ry complicated (see, e.g. Mukai et al., 1974; Mukai, 1979; Mukai et al., 1982;
Leinert et al., 1983; Mukai, 1983; etc.). This frequently leads to controver-
sial conclusion by various authors and, naturally, it may also have an impact
on the discussed problems of f3meteoroid sources. If one also realizes that spe-
cial conditions are imposed (to explain the direction and hyperbolic veloci-
ties) upon the primary source of Smicrometeoroids, or freshly produced dust ma-
terial, the situation is even more serious with a view to the percentages gi-
ven. Therefore, in spite of the fact referred to as curious in the introduc-
tion to the discussion, one is Justified in assuming that all the hypotheses
of origin of /3 particles presented so far are incapable of explaining their o-
ccurence, as they are attemping to do just within the scope of a single hypo-
thesis, isolated from the other possible alternatives.
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The fact mentioned above, have -led the author of this paper to the idea
of an alternative possibility of the origin of the f3meteoroid phenomenon. Bri-
efly, the idea is that the fmicrometeoroids represent just a certain evolutio-
nary phase ordinary larger meteoroids, to which they were introduced by the
co-action of various non-gravitational effects and mechanisms whose character
is mostly dissipative. In the first instance, this involves destructive effects,
including impact erosion, corpuscular sputtering, processes of melting, abla-
tion and evaporation, as well as processes of incomplete collisional destruc-
tion. Further, there is the group of disruptive effects. These also include e-
ffects such as the windmill effect, the Radzievski effect, electrostatic ex-
plosion, catastrophic collisions, corpuscular breakup due to the solar wind,
sublimational and chemical disintegration. One should also consider the group
of non-gravitational effects of a disturbing nature which are mainly responsi-
ble for changes in the dynamic parameters of larger meteoroids; however, this
may lead to the creation of conditions suitable for more intensive action of
some of the effects of the preceding two groups on the constant diminishing of
dimensions or mass of the original meteoroid. This group of non-gravitational
effects includes the direct light pressure, the solar wind corpuscular pressu-
re, the Poynting-Robertson effect, the pseudo-Poynting-Robertson effect, the
Jarkovsky-Radzievski effect, the cosmic ray effect, collisional drag, the Cou-
lomb force effect and the Lorentz force effect.

This review of non-gravitational effects, but mainly their more detailed
description and analysis (KapiSinsky, 1984a) clearly indicate that a sufficient
number of effects and mechanisms are available to explain the origin of Jmicro-
meteoroids; assuming that these effects sometimes act simultaneously, one can
see that they are capable to bring ordinary meteoric particles, by natural evo-
lution, into a state in which their physical and dynamical properties agree
with those of Bmicrometeoroids. This again shows that the search for the prima-
ry sources of fmeteoroids is in searching for the primary sources of interpla-
netary dust in general. For a better understanding of this idea of co-action
of a number of effects, it is convenient to consider the hypothesis of co-action
of effects (Kapi3insky, 1980). According to this principle, not only the effects
of various types of collisions, evaporation and melting were taken into account
in dealing with the problem of the origin of /fmeteoroids, but also many other
effects, e.g. corpuscular sputtering, impact erosion, the windmill effect, va-
rious disintegration mechanisms, etc. The hypothesis of co-action of various
non-gravitational effects of a dissipative nature, conceived in this broad ma-
nner, certainly has a better chance of explaining the characteristics of [me-
teoroids (especially their amount) than existing hypotheses, and at least ex-
plain their hitherto obscure origin dynamically. This is proved quite evidently
by the analysis of the effect of impact erosion itself on the dynamic evolution
of the meteoroid (KapiSinsky, 1984b). The analysis has shown that this single
effect alone is capable, physically (mass, dimensions) and dynamically (direc-
tion, velocity) of bringing the original larger meteoroid in a relatively short
time into the evolutionary phase in which it may appear temporarily as a typi-
cal fBmicrometeoroid. This applies even more if one considers the action of a
number of these effects simultaneously in the sense of the co-action hypothesis.
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To show how these effects will bring about, e.g. the situation in which
parameter 3 >1 for a particular meteoroid, is outside the scope of this paper
and discussion. Therefore, let us Jjust point out that a particle may indeed
start its hyperbolic escape away from the Sun if it represents a,Bmeteoroid qu-
ite well. However, dissipative processes come to bear constantly, the dimensi-
ons continue to diminish and their dynamics becomes quite complicated just as
a result of the optical properties of submicron particles (see, e.g. Dohnanyi,
1972; Kresdk, 1976; Burns et al., 1979; Mignard, 1982; Mukai and Yamamoto, 1982;
Voshchinnikov and Ilin, 1983). The open trajectory of the particle may close a-
gain and parameter‘ﬁ may again drop below unity. Moreover, a more comprehensi-
ve investigation of this problem leads to the conclusion that even if the par-
ticle starts its hyperbolic escape, this need not always involve total escape
(escape from the Solar System) and that this start may even take place before
the 1limiting value of B = 1 is reached. It was even found that the complicated
motion of a constantly diminishing meteoroid can be divided into several phase
of which sometimes even two are characteristic spiralling outwards and not spi-
ralling towards the Sun according the general trend under the Poynting-Robert-
son effect (KapiSinsky, 1980, 1983). If the detector records the particle in
these evolutionary stages, it really does record a particle with characteris-
tics of a‘Bmeteoroid. The same may apply to detecting particle in a certain sta-
ge of "hovering" (Kresdk, 1976).

The contents of the preceding sections and of the discussion may be summa-
rized in the following conclusions:

a) the experimental data on f(meteoroids (or better fSmicrometeoroids) are
not sufficiently convincing qualitatively or quantiatively. Drawing Jjust on the-
se data, one is only able to draw very uncertain conclusions about their exis-
tence in the sense of a longer lasting, dynamically stable dust component in
the complex of interplanetary matter. Practically nothing, or very little, can
be deduced from this experimental base about the permanent, primary source of
these microparticles.

b) the hypotheses of origin of{pmicrometeoroids, so far presented, do not
explain, on their own, their origin satisfactorily and, when considered on the-
ir own, not one of the groups of hypotheses can be accepted with satisfaction.

c) the serious arguments against Hemenway s hypothesis of the origin of
pmicrometeoroids make this alternative of their origin highly improbable. Even
if one were to admit the space origin of the particles detected over Kiruna,
their primary source would have to be sought elsewhere and in other mechanisms
than direct generation on the Sun.

d) the category of‘ﬁmicrometeoroids is probably represented by ordinary
submicron particles in a particular stage of their dynamic evolution. This evo-
lutionary stage, from the point of view of the overall lifetime and manner of
extinction of the particle (complete destruction, total escape, complete spira-
1ling into the Sun) need not play an important role in the general history of
an actual particle, being a transitional phenomenon. Therefore, also the task
of finding the primary sources of fBmeteoroids remains a problem of finding the
sources of ordinary dust particles.
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