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Estimate of the initial (preatmospheric) mass of meteorites 
has been made by several independent methods. But there is a 
large discrepancy among the results obtained by different meth- 
ods. For example the mass of the ~ o s t  City meteorite estimation 
from the velocity and the photometric data of prairie Network is 
490 kg (McCrosky et al. [I]) , whereas the mass estimated from the 
abundance of the cosmogenic radionuclides is less than 200 kg 
(Wrigley [2]). Problems on the photometric mass scale were 
clarified by intensive studies of ReVelle and Rajan [31 and 
others. A reconciliation appears underway in favor of the lower 
estimation. However the reason why the dynamical mass scale by 
McCrosky et al. [4] gives a too large value is not clear. We re- 
evaluated equations and parameters used in the dynamics of the 
meteorite fall and numerically simulated dynamics of meteorite 
falls in the terrestrial atmosphere in order to clarify the prob- 
lem on the dynamic mass scale. 

In the equation of motion of a falling meteorite the frontal 
area of a meteorite, A, is calculated by the equation, 
A = S (m/p) '/', where SF is a shape factor and is 1.2 in the 
case gf a sphere. If the other parameters are fixed, the calcu- 
lated mass which satisfies the observed velocity data is propor- 
tional to the cube of S . If SF is overestimated by a factor of 
2, the calculated mass !fs about an order of magnitude larger. In 
spite of its importance, the shape factor was not considered se- 
riously in previous studies. In most previous studies the shape 
factor was assumed to be a constant value of 2.0 without evi- 
dence. The shape of the meteorite expected from this value is 
very flat and seems unnatural as the shape of an interplanetary 
fragment. Therefore we also use an alternative model where we 
assume that the initial shape of a meteorite is spherical and the 
meteorite is ablated from the frontal end. 

We simulated the fall of Lost City meteorite using data of 
the velocity and the ground mass of Lost City meteorite as the 
constraints to estimate the parameter used in the simulation. 
The result of the variable shape factor model gives the initial 
mass of about 40 kg which is consistent with the cosmogenic 
radionuclide data. 

We obtain the value of 152 MJ/~CJ as for the value of specif- 
ic heat of ablation/heat transfer coefficient which satisfies the 
velocity data. If we accept the value of the heat transfer coef- 
ficient used in the previous studies, 0.1, the specific heat of 
ablation is found to be about 15 ~ ~ / k g ,  whick is fairly larger 
than the previous values. However if we assume that a half of 
ablated material is removed as melt and another half is as va- 
pour, the value cited above is consistent with the energy neces- 
sary to evaporate meteoritic material, 30 MJ/kg, calculated from 
the thermodynamical data and the chemical composition of ~ o s t  
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City meteorite. 
Results of the simulations on the final/initial mass ratio 

are shown in Fig. 1. The conventional model using a constant 
shape factor and a small specific heat of ablation indicates only 
a ten thousandth of the initial mass of a meteorite reaches to 
the ground surface for a meteorite with entry velocity of 20 
km/sec. On the other hand, the variable shape factor model indi- 
cates that about ten percent of the initial mass can reaches to 
the ground surface. 

The present study demonstrates that estimate of the preatmo- 
spheric mass of a meteorite is very sensitive to the shape factor 
of the meteorite. It is very important for the dynamics of mete- 
orite fall to take into account of the fact that a meteorite 
shape changes with ablation in the atmosphere. Mass loss of a 
meteorite in the atmosphere may be significantly smaller than 
previously thought. 
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Fig. 1. The ground mass/initial mass ratio of a meteorite with 
the initial mass of 100 kg and the entry angle of 45 degree. The 
result is almost independent of the initial mass and the entry 
angle. Q is the specific heat of ablation and A is the heat 
transfer coefficient. 
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