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Introduction: Impact cratering is best studied with hypervelocity guns able to project impactors at speeds 

matching asteroids impacting Earth, or 10 to 20 km/sec. The equipment to allow such experiments is expensive and 
most students will not be able to have access to them. It is common in physics to scale experiments from small actu-
al experiments to help understand larger real-world events. Although hypervelocity experiments are matching aster-
oid speed, they still relying on scaling, since the projectiles are tiny compared to objects large enough to form craters 
on planets and other solar system bodies.  

Ideally a student experiment should be affordable, able to be executed by a person of normal skills, and still pro-
vide results that are realistic. If one does not have access to hypervelocity guns, then instead of using high speed 
impactors on rock targets, one can use soft materials for the targets and low speed impactors. With appropriate 
choice of target and impactor, one can produce craters closely matching computer generated craters and craters 
found on planets and other solar system bodies. 

Method: A high power pellet rifle was used to fire lead pellets. They are available from most sports and hard-
ware stores for less than $200. Paint ball guns were also experimented with, but they did not perform as well. The 
pellet rifle used .177 pellets (4.5 mm, 0.35 grams) and it fired them at approximately 250 m/s (800 fps). A simple 
tape measurer was used to set the end of the rifle at 1.5 m +/- 2 cm, which gave excellent repeatability. An inclina-
tion meter, available from most hardware stores for less than $50, was mounted on the rifle barrel, allowing setting 
the angle to +/- 1°. With a steady hand and reasonably good eyesight, the rifle can be aimed to the center of a target 
with good centering for most shots. A ladder was used for high angle shots. The target is the most challenging part 
of the experiment, as its hardness will determine the craters formed. Modeling clay was used for the target material. 
It is available at most art stores for less than $50 per 5 kg package - which is enough for the experiment. The clay 
was mixed with water until the clay was soft sothat it was easily flattened with a spatula used for spreading drywall 
compound. An aluminum baking tray was filled with the soft clay, and smoothed with the spatula. Pellets were fired  
into the center of the tray of clay at different angles ranging from 90° (vertical) down to 0° (horizontal). 

  
Results: The craters produced were simple craters, and they clearly showed the effects of angle of impact. Cra-

ters produced from 90° to 70° were circular and smaller than more angled craters, with the pellet remaining near the 
center of the craters. Between 70° and 20° the craters were ellipses, with the long axis increasing as the angle of 
impact decreased.  The widest crater was produced at a 30° angle of impact. Below 20° the craters became stretched 
ellipses with the widest part at the beginning of the crater and the narrowest at the end. The pellets penetrated the 
clay below the surface edges of the crater. The craters became more stretched as the angle of impact decreased until 
at 2° or less, the pellet skipped instead of impacting and penetrating the clay. The skip craters were perfect ellipses, 
similar in shape to the craters produced for impacts between 30° and 20°. Some skips were ellipsoidal and followed 
with elongated thin lines as the impactor essentially scratched the surface after the first contact. 

Discussion: This simple experiment allows students to experience impact cratering in a simple and affordable   
way. The hardness of the clay can be varied from nearly liquid to almost as hard as rock when dry, allowing a wide 
range of experiments with the same apparatus. Pellet guns can be obtained with various power levels, allowing dif-
ferent speeds of impactors for the same hardness of the clay. Different materials can be shot from the pellet guns 
allowing a wide range of impactor density and porosity. While this is not as accurate as hypervelocity guns, it still is 
able to produce craters similar to those found on Earth and other solar system bodies at a very low cost. 
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