
LPS XXVII 951 

IMPACTS OF LARGE METEOROIDS INTO THE EARTH'S ATMOSPHERE 
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A large number of bright light flashes with energies in light impulse of 
about 0.1-2 kt TNT at altitudes of about 30-40 km have been registered by USA DoD 
satellites equipped with photoelectric detectors of Sandia National Laboratories 
[1,2]. Analysis of the light curves may give valuable information on a frequency 
of impacts .and characteristics of impacting bodies. Satellite-based observations 
substantially supplement the data obtained by the ground-based photographic 
systems - Prairie Network (PN) and still operating European Network (EN). To 
denote meteoroids that cause flashes registered by Sandia, we have coined a 
special term - Sandia Network bolides, or SN meteoroids. SN system in 20 years of 
operation has registered much larger meteoroids than ground-based systems due to a 
large area of observation and independence on weather conditions. 

For assessment of SN meteoroid characteristics we can not use empirical 
values of luminosity efficiency obtained for small meteoroids and artificial 
meteors [3]. Efficiencies obtained for the largest PN and EN bolides [4,5] 
photographed in flight and later found on the ground as meteorites are less than 
1-2% and are also unsuitable, as the masses of these meteoroids were about 50- 
500 kg whereas SN meteoroids have masses by three orders of magnitude larger. 
Empirical values of the fireball luminosity (30-40%) obtained in the course of the 
nuclear tests [6] are inapplicable because a shape of a plasma cloud formed during 
the meteoroid flight strongly differs from that caused by nuclear detonation, and 
energy is released gradually during a meteoroid fall. 

We have developed several techniques for assessment of SN meteoroid 
characteristics from the light curves and heights of peak intensity. The first 
approach, a so-called air-radiation dominated model, has been described in [7,8] 
and applied to several SN events. This model is based on an analogy between 2D 
quasistationary hypersonic flow around a body and 1D nonstationary motion caused 
by a piston. Such an analogy, being verified by comparison of 1D and 2D 
simulations, has allowed us to conduct a large number of radiation-hydrodynamic 
simulations for various velocities, sizes and heights of meteoroid taking into 
account detailed spectrum of air based on detailed tables of spectral opacities. A 
simplified assumption based on a high optical thickness of the vapor laye'r was 
used - the radiation falling onto the air-vapor boundary is almost totally 
reradiated backward. Using this technique we have determined preatmosperic kinetic 
energy for several SN events, i.e. 15 April 1988 (8-9 kt), 1 October 1990 (5- 
8 kt), and 4 October 1991 (1-2 kt TNT), and identified these SN meteoroids as 
stony or chondritic bodies. 

Recently we have developed new 1D and 2D models in which the radiation 
transfer equations are solved not only in the shock heated air but in the vapor as 
well. Self-consistent values of luminosity efficiency and heat transfer 
coefficients differ from those of Biberman's group [9]. We have obtained the 
coefficients for two types of meteoroids - iron and H-chondrite. Our simulations 
were based on the detailed spectral opacities of vapor of these substances in a 

wide range of temperatures, densities and wavelengths (as much as lo4  spectral 
intervals have been introduced). These results have been applied to the above 
mentioned and some other events, including the unique SN event of 1 February 1994 
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when the brightest flash occurred with the energy of about 4.5 kt TNT  palding ding, 
C.Jacobs, J.Shavez, E.Tagliaferi, personal communication). The flash was caused by 
a deeply-penetrating meteoroid (the debris cloud was registered a t  an altitude of 
21 km). 

Our simulations have given the following parameters: the event was caused by 
an iron meteoroid with a velocity of about 15-20 km/sec and kinetic energy of 40- 
70 kt TNT. 

Later we have obtained information [ l l ]  on the real initial velocity of 

meteoroid (24 km/sec) and angle of trajectory inclination (45'). We have repeated 
our simulations and obtained the kinetic energy of about 39 kt TNT. Thus the 
luminous efficiency in the Sandia sensors wavelength range is about 11% . 

The light curve has been reproduced in the simulations for all stages of the 
meteoroid's impact: in the flight a t  altitudes higher than 35-37km; after the 
first fragmentation that caused minor flash after the second fragmentation that 
occurred a t  an altitude of 2 5 k m  (when a stagnation pressure reached 100- 

150 ~ d ~ n / c m ~ )  and caused a major flash; at the late stage when a cloud of small 
fragments and vapor expanded to the radius several times larger than the 
prebreakdown radius, decelerated, dispersed and mixed with the air due to RT  and 
KH instabilities and subsequent turbulence. We have also made simulations in the 
assumption that this event was caused by an H-chondrite. The value of the kinetic 
energy have not substantially changed but the estimates of the density are closer 
to iron, than that of chondrites. This result and comparison with other events, 
such as the Sikhote-Alin iron meteor shower of 1947 [ l l ]  and high strength of the 
body shows that our interpretation of the 1 F e b r u a r y  1994 event is highly 
probable. 
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