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Introduction:  The behavior of asteroids when catastrophically disrupted has been modeled for many years [e. 

g., 1, 2, 3].  Over time, the models have been improved to match actual experimental measurements.  However, there 
is always a need for more improvement, and one set of measurements that would do this is the size, angle and veloc-
ity of particles ejected during the disruption process.  Our lab has been simulating asteroid disruptions using a varie-
ty of materials for a number of years [4].  Our work to date has concentrated on collecting the size frequency distri-
bution of the fragments produced, but the shots are also videotaped.  Using these tapes, we are establishing proce-
dures to measure the velocity, size and ejection angle for the particles.  We have video for samples such as terrestrial 
basalt, terrestrial pumice and various meteorites, as well as for cratering events and catastrophic disruption.  

Experimental:  The video is converted into a TIFF stack and imported into Image J.  Selected particles are 
marked through a series of frames and then measured.  Using the tools in the program, the distance the particle trav-
els can be measured and then converted into a velocity using the frame rate of the video.  The size of the particle can 
be approximated using another of the measurement tools.  These measurements can be correlated with actual parti-
cles that were collected, size-sorted and weighed.  Finally, the angle at which the particle is ejected can be measured.  
We chose two angles to measure:  1) the deviation from a line perpendicular to the edge from which the particle 
originated and 2) the deviation from a line parallel to the projectile path and the center of the sample in its original 
position.  A summary of the preliminary measurements for one sample is presented in Table I. 

 

Table I.  Particles measured in a cratering shot of Northwest Africa 869 (L3-6).  A 179-gram sample 
was shot with a 1/16” projectile moving at 4.85 km/s.  The result was a crater and the largest remain-
ing fragments had masses of 174 g, 2.57 g, 0.57 g, 0.52 g, 0.33 g, and 0.30 g. 
Particle Velocity 

(m/s) 
Path Angle 

From Perpendicular to edge 
Path Angle 

From Projectile line 
Particle Diameter 

(mm) 
Blue I 18.5 0 +13.0 0.020 
Blue II 4.6 +14.9 +46.1 0.020 
Green I 3.3 -10.6 -43.0 0.020 
Green II 2.8 -33.4 -7.8 0.020 
Pink 0.4 +2.7 +58 2.5 
Purple I 2.8 -13.2 +2.1 3.9 
Purple II 3.3 +3.2 +25.6 2.0 
Red 3.5 +3.8 +29.6 5.4 
Teal I 4.7 +10.5 -19.5 0.020 
Teal II 1.6 +9 -21.5 0.020 
Teal III 5.2 +31.4 -10.6 0.020 
Yellow 1.4 +13.3 -6.5 1.0 

 

Results:  Twelve particles were measured.  The particles ranged from large, flat pieces that spalled off the sur-
face of the sample to dust packets.  The smaller particle sizes were harder to measure, but the size ranges determined 
correlate with the actual particles that were measured.  The speeds measured are suspect depending upon the direc-
tion in which the particle is moving relative to the framing of the camera.  We also found that measurements taken 
near the beginning of the movement were significantly different than the value determined as the particle moved out.  
This was probably due to positioning errors with the marking routine.  The particles tended to move in straight lines 
away from their point of origination at all angles around the sample. 

Summary:  With the limited number of particles measured this far, it is difficult to make any correlations.  The 
particles travel in all directions, although significantly more of the particles move back along the projectile track.  
With one exception, the particle traveled at similar velocities regardless of their size or angle of movement.  More 
videos are currently being processed at more angles of photography and using more types of material and types of 
result.  The data measured in this study should help modelers adjust their calculations to more closely approximate 
real movement of materials. 
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