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We have developed a new computational method for describing the atmospheric blast 

waves produced from the point of a hypervelocity impact on a planetary surface. The method 

employs the approximations that neglect both the role of the vapor cloud produced by the impact, 

as well as the ambient pressure in the atmosphere, but remains useful so long as the mass of the 

vapor cloud is less than that contained within one scale-height radius of the point of impact. 

These conditions are relevant for describing the blast wave from, for example, a -1015 g, 

erg, or -1 krn diameter bolide impacting the Earth. Such a bolide would produce a moderate 

sized (-5 km) impact crater on the Earth. The impact is at least 103 less energetic than the K-T 

extinction bolide or the cases considered by the atmospheric cratering models described by 

Vickery and Melosh [I]. We employ a set of shock hydrodynamic approximations first 

developed by Kompaneets [2] together with an analytic solution method developed by Courant 

and Hilbert [3] to closely approximate the blast wave behavior. Kompaneets solved the problem 

for an isothermal atmosphere. In contrast, we are able to treat the Earth's detailed atmospheric 

structure, and later, those of the other terrestrial planets. We find subtle influences in the shock 

structure due to the departure of these atmospheres from isothermality, including features at the 

tropopause and the stratosphere. The essential feature of such blast waves is that, once they 

have expanded beyond one scale height in distance, the hemispherical symmetry breaks owing to 

the diminished resistance of the atmosphere at the top of the shock. For terrestrial planetary 

atmospheres, the lateral extent that a shock can expand is x: times the scale height, or about 30 

km in radius, a result derived by Kompaneets. We generalize this conclusion for more realistic 

atmospheres, including those of the terrestrial planets, showing that the blast wave punches a 

narrow column through the atmosphere rather than blowing away a hemispheric cloud. 

Moreover, at high altitudes in the atmosphere, ballistic considerations for the trajectory of the 

blast can be expected to produce a fountain-like behavior. We display below the evolution of a 
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blast wave from a -1027 erg impact at representative times for the Earth's present atmosphere [4] 

(Fig. 1 )  The shock front variable, y, which relates time, t, volume enclosed by the atmospheric 

blast wave, V, an empirical constant, h = 1.1, the energy in the atmospheric blast wave, E, the 

polytropic exponent, y , and the density at the base of the atmosphere, po, is given as [2]: 
t 

Y = j . J h ~ ( y ~  - 1) f(2pgV) 
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Fig. 1. Shock wave position at various times, specified by the variable, y, for an impact of 
< 1027 erg at the surface of the Earth's atmosphere [4]. 
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