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Abstract: A new experimental technique to measure
crater growth is presented whereby a high speed video
captures profiles of a crater forming after impact obtained
using a vertical laser sheet centered on the impact point.
Unlike previous so called “quarter-space experiments”,
where projectiles were launched along a transparent Plex-
iglas sheet so that growth of half a crater could be viewed,
the use of the laser sheet permits viewing changes in crater
shape without any physical interference with the cratering
process. This technique is used to investigate the evo-
lution of craters formed following the vertical impact of
polycarbonate projectiles launched at velocities <300m/s
into a target of uniform-sized 220µ glass beads. Results
show changes in crater shape as a function of time during
excavation that seem to be at odd with some of the scaling
rule assumptions [1, 2, 3] typically used to assess crater-
ing on the asteroid and planets. They also provide detail
views into the factors controlling crater modification at
least in the laboratory and possibly at planetary scales.

Figure 1. Schematic illustrating the experimental setup

Experimental setup: The experiments are undertaken at
the University of Tokyo Vertical Gun Range. During each

experiment a vertical laser-sheet is used to illuminate a
line across the target at the point of impact. The frames of
a high-speed video camera that is placed above the crater
captures changes in this line or profile as the crater grows
after impact (Figure 1). These data provide the temporal
changes in crater depth, diameter and wall slope.
The projectile were launched using a single-stage light-
gas gun vertically at velocities ranging from 85 to 280m/s.
In all but one case, the projectiles were polycarbonate
rounded-tipped cylinders with a mass of 0.49g and a
length and diameter of 0.90 and 1.0 cm respectively.
The target was made up of soda-lime glass spheres. Each
sphere possessed a density of 2.5gcm-3 and a mean di-
ameter of 220µm. The bulk density of the target was
1.59gcm-3, implying a target porosity of 36%. The ef-
fective static angle of repose of this material is small at
around 25o. This value is low and indicates that this target
is essentially cohesionless; its strength is derived nearly
entirely from its friction angle which is ~22o for smooth
spheres [4]. All the experiments were conducted at vac-
uum conditions with atmospheric pressures below 50Pa.
Imaging processing: In order to obtain the real dimen-
sions of the craters profiles observed in each individual
video frame, we had to convert pixel dimensions to cen-
timeters. We achieve this by filming prior to each experi-
ment a 2 by 2cm-gridded calibration target that is placed
in the plane of the laser sheet at the impact location. A
conversion approach is then used, whereby we rectify the
pixel dimensions (xp, yp) of the tilted CCD within the
high speed video camera onto points (xl, yl) in the plane
of the laser sheet. The calibration target provides the tie
points to make the projection from (xp, yp) to (xl, yl) pos-
sible. This technique is commonly used to project one
tilted image plane onto another [5].
We tested our image processing technique, by compar-
ing the final depth and diameter of several crater obtained
from our images, with measurements obtained using a
profilometer that was set in the laser plane after impact.
Our imaging technique reproduces on average the pro-
filometer measurements for final crater diameter to ~2%,
and crater depth ~4% relative to the pre-impact surface. In
general, both the diameters and depths obtained from the
images are well within the accuracy of the profilometer
measurements.
Results: Once the pixel dimensions are converted to cms,
(e.g. Figure 2), crater depth, diameter and wall slope can
all be measured as a function of time. From these data,
we obtain information on the transient crater shape at the
end of excavation, final crater shape ofter modification
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and rates of lateral and horizontal crater growth (Figure
3).

Figure 2. Example showing (a) a few high speed video camera frames
and resulting (b) profiles with dimensions in cm obtained by our imaging
processing technique.

Analysis: Analysis of these data suggest that craters do
not grow in a self-similar manner as implied by some in-
terpretations of the crater scaling rules [1, 2, 3]. Instead,
the depth of the craters typically grow more slowly than
their diameters early on. Later on, their depths remain es-
sentially fixed as their diameters continue to expand while
ejection of debris continues. Some authors [6, 7] have re-
ported this last stage of crater growth from quarter-space
experiments.

Figure 3: Changes of crater diameter and depth for one example crater
(U =271m/s).

Also contrary to implications of the scaling rules, which
should be entirely dimensionless, we find that the rate
at which crater diameters grow as a function of time in-
creases with impact velocity, while the the transient depth
to diameter ratio when excavation ceases decreases with
impact velocity. Both these observations can be jointly
explained in terms of the time of penetration of the pro-
jectile which varies inversely with impact velocity [8]. At

high velocities (short penetration times), energy is deliv-
ered more effectively to the near surface, generating a
shallower depth to diameter transient crater and a more
hemispheric energy (shock) wave relative to when the en-
ergy is delivered by a slower projectile. In the case of the
slow projectile, the penetration time becomes long and the
transient crater becomes deep relative to its diameter. The
energy (shock) wave is also more cylindrical and will dis-
sipates its energy more slowly relative to the hemispheri-
cal wave.
In addition, we found that the lack of strength of our glass-
sphere target contributed to the cratering process in un-
expected ways. In particular, this low strength may be
responsible for the unusually steep curtain angles mea-
sured relative to the target surface (> >45o) in our exper-
iments. Stronger targets such as sand typically possess
angles near 45o, while weaker muddy [9, 10] targets and
water [11] generate >70o. Thus, by altering the curtain
angle and hence the ejection angle, the Coloumb strength
of a fractured target could alter the amount of ejecta de-
posited around craters both on planets and asteroid. In
addition, we found that target strength as expressed by the
dynamic angle of repose, which is typical 6-8o less than
the usually quoted static angle of repose, seems to play
a major role in controlling the extensive amount of crater
modification observed.
All of these observations call for careful use of the crater
scaling rules when applied to planets and asteroids. Both
the projectile penetration time and the target strength may
need to be considered when determining transient crater
shape and ejecta distributions, both of which influence
large-scale crater modification processes and regolith gen-
eration.
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