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Summary:  We used planetary radar images and 

visible lightcurves of asteroid (101955) 1999 RQ36 
obtained in 1999 and 2005 to create a three-
dimensional shape model of the asteroid and constrain 
its surface properties.  

Shape Model: The data used for the shape model-
ing were radar images at 19-, 15- and 7.5-m resolution 
taken with the Arecibo and Goldstone planetary radar 
systems in September/October 1999 and Septem-
ber/October 2005, combined with visible lightcurves 
taken in 2005 by CWH and in 1999 by Krugly et al. 
[1]. The model shown in the image to the right has 
1148 vertices spaced approximately uniformly around 
an ellipsoidal shape. The asteroid has a fairly smooth 
“spinning top” shape similar to that of binary asteroids 
such as 1999 KW4 [2], but with a less well-defined 
equatorial ridge. The shape appears fairly smooth at 
small scales, with some large-scale features. There is 
one 10-20 m boulder on the surface that appears in 
both 1999 and 2005 radar images, but no other small-
scale surface features are evident down to the radar 
resolution of 7.5m. 

The asteroid has a circular polarization ratio of 
0.18 ± 0.02, somewhat lower than that of Itokawa and 
Eros, suggesting that it is smoother at cm-m scales 
than those objects. 

Rotation and Pole: The model unambiguously 
shows the rotation to be retrograde and perpendicular 
to the orbit plane to within the 15° uncertainty, con-
sistent with YORP spin-up [3]. The rotation period is 
best constrained by the lightcurve data from 2005, 
corrected for the observing geometry determined in the 
shape modeling. The data sequences at each apparition 
do not individually span enough time to determine the 
rotation phase between the two apparitions. The model 
shown fits the data at both apparitions, but so do mod-
els with slightly different rotation periods that have an 
integer number < 10 greater or fewer rotations between 
the two apparitions. 

Importance to OSIRIS-REx: These data support 
OSIRIS-REx mission planning. Detailed shape and 
spin-state information are essential for analysis of or-
bital stability and sample-targeting accuracy. The 
smooth surface, polarization ratio, and slope analysis 

(using the density from [4]) all provide confidence in 
the presence of regolith on the surface of this target 
[5].  

References: [1] Krugly, Yu. N. et al. (2002) Icarus 
158, 294-304. [2] Ostro, S. J. et al. (2006) Science, 
314, 1276. [3] Vokrouhlický, D. et al. (2003) Nature, 
427, 127. [4] Chesley, S. R. et al. (2012) ACM 2012 
Abstract. [5] Lauretta, D. S. et al. (2012) ACM 2012 
Abstract.  

 

 
Figure. Shape model of 1999 RQ36 as seen from the Earth 
on 2005 Sep 24. The near-vertical arrow is the rotation axis, 
and the green bar is the intermediate moment of inertia 
 
 
 
 

Mean Diameter 493 ± 20 m 
Mean Equatorial Diameter 545 ± 15 m 
Radar Albedo,  λ=12.6 cm 0.13 ± 0.04 
Circular Polarization Ra-
tio (CPR), λ=12.6 cm 

0.18 ± 0.02 

CPR, λ=3.5 cm 0.20 ± 0.02 
Rotation Period (comb of 
possible solutions) 

4.297812 ± .000001h ± 
10 rotations over 6 years 

Pole orientation β = -90° ± 15° 
Table. Radar- and shape model-determined properties of 
1999 RQ36 
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