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H |gh meChanicaI Strength Here we discuss that the high strength of Geminid

meteoroids may be caused by preferential destructio

Of Geml ni dS asar eSUIt Of of weaker members by the thermal stress in the sola

vicinity.
thermal stress
2. Thermal stress

The meteoroids in the space are subject of solar
(1) Astronomical Institute of Academy of Sciences, he"?‘“”g- sunllgh_t he_ats'up the sunlit hemisphere,
Ondrejov, Czech Republic (capek@asu.cas.cz) whl_le _the opposite side is cooled_ down due thermal
(2) Institute of Astronomy, Charles University, Puag radiation from the surface. This creates a non-
Czech Republic (vokrouhl@cesnet.cz) homogeneous temperature field inside and associated
thermal stress. The expressions for thermal sfress
smaller homogeneous spherical meteoroid with fixed
spin axis have been recently derived in [3]. The
Abstr act generalized theory for a body with a particulate
surface layer can be found in [4].
The solar heating causes non-homogeneous
temperature field and associated thermal stre@eins As the meteoroid approaches the Sun, the thermal
meteoroids. In the solar vicinity, the thermal sre  stress grows up. Finally it may override the stteng
may override the material strength and meteoroidsOf the body. The destruction of the material starts
begin to crack. The destruction of meteoroids begin from the surface and then spreads deeper. The range
from the surface and we assume that the fracturedof fractured volume depends on heliocentric distanc
material is removed from the surface, which leads t size of the meteoroid, direction of the spin axithw
decrease of meteoroid size. The thermal stress igespect to the Sun and the material parameters
therefore able to change the initial size distitmubf (especially the tensile strengtf).
a meteoroid stream with sufficiently low perihelion
according to material properties of the meteorgils ~ The fractured volume may be removed from the
particular the tensile strength). We developed a surface of the meteoroid due to centrifugal foroes
simplified model describing this phenomenon and due to release of elastic energy during crack
applied it to Geminids. We found that the thermal formation. As a result, the thermal stress caules t
stress is able to preferentially remove larger and decrease of meteoroid diameter down to some stable
weaker members of the stream. This may explain thevalue, which depends on the above mentioned
higher mechanical strength observed during their parameters.
passage through the atmosphere. Our model predicts
that resulting meteoroid population should contain 3. Sglective destruction of Geminids
larger bodies with high strength and smaller bodies
with wider range of mechanical strengths. As a We assumed population of meteoroids on Geminid
result, we believe that the influence of the thdrma stream orbit with initial size range from 0.2 mml@®
stress may explain the unusual mechanical progertie cm, uniform distribution of spin axis and material
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of Geminids. properties corresponding to ordinary € 32 MPa)
and carbonaceous chondrites; € 2 MPa). We
1. Introduction studied the influence of the thermal stress onethes

bodies until we obtained a steady-state meteoroid
Geminid stream has perihelion distance which is onepopulation. We found that meteoroids with= 32
of the closest to the Sun (g = 0.14 AU) and it MPa remain intact, except a few bodies larger than
contains meteoroids, which are the strongest aad th ~7 cm. The population withs, = 2 MPa will be
densest bodies among meteoroid streams. Suclaffected more profoundly (see Fig. 1). No meteoroid
unusual material properties of shower meteoroids ar larger than ~6 mm survives and only 20% of bodies
usually explained (i) by material properties of quar larger than ~2 mm are able to survive the action of
body 3200 Phaethon [1], or (i) as a result of thermal stress. On the other hand, diameter of
intensive thermal processing of weaker parent meteoroids smaller than ~0.3 mm will not be reduced
meteoroids in the perihelion [2]. by destruction due to thermal stress.
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Figure 1: The ratio N of meteoroids with size equal
or greater than D, which are able to survive
destruction by thermal stress. We assumed orbit of
Geminid stream and the tensile strength vatyes2
MPa (solid line), ob;= 32 MPa (dashed line).
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The thermal stress is able to remove larger andpreparation.
weaker meteoroids from the Geminid meteoroid
stream. Our model predicts the following properties
of resulting population modified by thermal stress:
The remaining larger bodies are those, which were
able to survive the surface destruction by thentadr
stress, i.e. meteoroids built from a stronger nigter
Smaller meteoroids experience smaller thermal stres
and thus even weaker members are able to survive.
The distribution of strengths of smaller meteoroids
will be closer to the primordial one. In our case
(limited to two values oby), the threshold between
“larger” and “smaller” meteoroids is ~1-2 mm.
However, the actual value of this transition sind a
distribution of strengths among various sizes ddpen
on (unknown) initial distribution of material
properties.

Our model also indicates that explanation of the
strong nature of the Geminid material by thermal
processing of weaker meteoroids may not be correct.
The metamorphosis of the parent material would
have to occur very quickly, before thermal stress
overcomes the material strength, which is unlikely.
This argument, however, is not related to the tlaérm
processing of the material on the parent body.
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