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Abstract. Recent measurements conducted at the Arecibaessary for meteoroids of radiusl mm; in other words for
Observatory report high-speed sporadic meteors having vesuch meteoroids the temperature is uniform, and, presum-
locities near 50km/s. The results seem to indicate a bi-ably, a thermal equilibrium is established. The establishment
modal velocity distribution in the sporadic meteors (maximaof a thermally-equilibrated meteoroid is the basic assump-
at~20 km/s and~50 km/s). The particles have a maximum tion behind differential ablation, even though the transit time
mass of~1ug. This paper will present an analysis of the through the atmosphere is very short. The evaporation and
ablation of 1ug meteoroids having velocities of 20, 30, 50, the consequent abundance of the elements would then be ac-
and 70 km/s. The calculations show that there is fractionatiorcording to their thermodynamic properties. The alternative
even for the fast meteoroids, the effect being particularly no-to thermal equilibration is that the meteoroid undergoes pulse
ticeable for the ug sporadic particles, and less so for the heating and all components are deposited as vapor irrespec-
heavier particles. The relevance of the calculations to theive of the thermal properties. Qualitatively, the difference
radar observations of the sporadic meteors will be discussedetween the two models can be summarized as follows: ther-
mal equilibration would lead to evaporation of low boiling
point metals when the meteoroid temperature reaches 900 K
(Na and K), while in the case of non-equilibrated or pulse-
heated meteoroids, evaporation would occur when the tem-
rature of the meteoroid reaches some average temperature,
rhaps 1800—2000 K. The consequences of these models are

1 Introduction

Sporadic meteors studied using the Arecibo Observator)Pe

have indicated the pre of a co ent that ist o o
ave Indica presence ol a component fhat Consists hat the thermal equilibrium model would lead to beginning

very fast 50 km/s), very light (J.g) meteoroids (Janches heights that are higher than the pulse-heated model, and that

etal., 2000, 2001; Mathews et al., 2001, 1997). These obser; . .
vations were confirmed in a subsequent study, also conductethe composition of metal vapor layer in the upper atmosphere
' R/vhether ionic or neutral) would show altitude profiles that

at the Arecibo Observatory (Janches et al., 2002). The abla*
tion of meteoroids has been treated in detail by a number oft

authors (Flynn, 1989; Hawkes and Jones, 1975; Love and Composition data obtained with rocket-borne mass spec-
Brownlee. 1991 199’4(")pik 1958 Whippl’e 194'3). We trometers (see the review in Grebowsky and Aikin, 2002)

will discuss in this paper the ablation of meteoroids of the SE€M t0 support the idea of differential ablation, namely that

mass and velocity that have been observed at Arecibo withirjihe different atomic ions have their peak intensities at differ-
the framework of differential ablation (McNeil et al., 1998 ent altitudes. Moreover, lidar measurements of meteor trails

2002). give results that are readily interpretable within the frame-
ework of differential ablation (von Zahn et al., 2002).

re different for each for the metals.

Before proceeding to the analysis and discussion of th
results, it is worth outlining the basis for differential ab-
lation. Analysis of the vaporization process of meteoroids

(Jones and Kaiser, 1966) has indicated that consideration of ) ) ] ] )
thermal conductivity in the heating meteoroids is not nec- 1he processes that are included in the differential ablation
(equilibrium) model for meteoroids entering the Earth’s at-

Correspondence tdz. Murad mosphere have been published elsewhere (McNeil et al.,
(ed.murad@hanscom.af.mil) 2002). The thermodynamic properties were taken either

1.1 Analysis and discussion
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Fig. 1. The ablation of a g particle entering the atmosphere at Fig. 3. The ablation of a Lg particle entering the atmosphere at
20 km/s. 50 km/s.
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Fig. 2. The ablation of a Lg particle entering the atmosphere at Fig. 4. The ablation of a Lg particle entering the atmosphere at
30km/s. 70 km/s.

from the “JANNAF” Tables (Chase, 1998) or were calcu- discussed here (1g) than for the larger ones, as is shown
lated from the “MAGMA’ model (Fegley and Cameron, in Fig. 5 for the ablation of a 1fag meteoroid. The calcu-
1987). Our model is similar to the Pure Component Refer-lations indicate that as the meteoroid velocity increases, its
ence (PCR) recently described (Alexander, 2001). The presloss of the metals increases; for thed meteoroid most of
sure of a component is described by an equation of the fornthe Ca survives transit through the atmosphere at 20 km/s.
In P,,=A—B/T. In Figs. 1-4 we show the ablation of a me- Even for Ca, the most refractory of the metal oxides, abla-
teoroid of 1.g mass entering the atmosphere at velocities oftion is nearly complete at velocities50 km/s. Also worth

20, 30, 50, and 70km/s. Assuming a density~af g/cn? mentioning is that the density is an important parameter in
such a meteoroid corresponds to a radius 6f.m, well be- modeling the ablation of meteoroids. For a given size and
low the radius at which thermal conductivity has to be in- velocity, an increase in density leads to a higher temperature
cluded in the calculation of ablation properties of meteoroidsbeing reached at a given altitude.

(Jones and Kaiser, 1966). What is clear from the figures is At 50km/s deposition of the metals begins at altitudes
that the evaporation begins at higher altitudes, that the abla=120km. Since the ablating atoms collide with the at-
tion is complete for all these elements. It is worth noting thatmospheric constituents at the initial meteoroid velocity
fractionation is more pronounced for meteoroids of the size(50 km/s), the net center-of-mass collision energy with O is

Atmos. Chem. Phys., 4, 737-740, 2004 www.atmos-chem-phys.org/acp/4/737/
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