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Introduction: The recoil of an asteroid in response to impact 

cratering has two components: 1) direct transfer of momentum by 

the impacting projectile, and, 2) recoil of the asteroid from the 

crater ejecta. Conservation of linear momentum limits the frac-

tion of the projectile’s kinetic energy that can be directly trans-

ferred as kinetic energy to the target. If the projectile is absorbed: 

          K.E. change of target = [m/(m+M)] x K.E. projectile 

where m is the mass of the projectile and M is the mass of the 

target. If m/M is small, as was the case for the Deep Impact cra-

tering event, very little K.E. is transferred to the target this way. 

    Crater ejecta also gives rise to momentum transfer to the target 

since, in a cratering event, all the ejecta is directed into the half-

plane away from the asteroid surface, centered opposite the pro-

jectile path. Hypervelocity impact cratering into a non-porous 

asteroid can produce a significant mass of high-speed ejecta, giv-

ing a significant change in momentum of the asteroid. Modeling 

suggests that momentum added by the crater ejecta can exceed 

that from direct momentum transfer by a factor of ten or more 

[1]. The total momentum gain of the target is characterized by β: 

               β = (mpvp + pe)/mpvp =  MtVt/mpvp 

where pe is the momentum of the ejecta, mp and vp are the mass 

and velocity of the impactor, and Mt and Vt are the mass and gain 

in velocity of the target. The mpvp term is direct momentum trans-

fer and the pe term is the momentum provided by the ejecta. Thus 

β is a critical quantity in determining the deflection efficiency in 

the kinetic impactor approach to altering the path of potentially 

hazardous asteroids and the orbital evolution of the asteroid belt. 

    Procedure: To quantitatively determine the momentum trans-

fer in hypervelocity cratering events in meteorite targets we sus-

pended NWA 869 whole stone targets, having ρ ~ 3.45 g/cc, in 

front of a rectangular grid in the vacuum chamber of the NASA 

Ames Vertical Gun Range. We then impacted each target with a 

1/8th or 1/16th inch Al projectile having speeds from 4.4 to 5.4 

km/s, near the mean collision speed in the main-belt and the im-

pactor speed of the AIDA mission  [2], under study by ESA, to 

deflect an asteroid by impact cratering. The recoil of each target 

was recorded on high-speed video, with a rate of ~6900 frames/s. 

Results: We cratered four NWA 869 stones, ranging from 

213 to 326 g, and obtained values of β ranging from 2.0 to 2.9. 

The densities of the NWA 869 targets are very close to the densi-

ties of the minerals making up the L3-6 ordinary chondrites, giv-

ing “model porosities” for these NWA 869 samples of only ~1 to 

2%. Despite this low porosity, the β values are comparable to 

those we measured previously on highly-porous pumice targets 

[3], modeled to have much lower ejects speeds [1], and do not 

show the order-of-magnitude enhancement of momentum mod-

eled for larger non-porous asteroid targets.  
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