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Introduction:  The dynamics of  the uranian rings 

and moons has remained relatively unexplored since 
the time of the Voyager flyby, due to the distance of 
the planet and the difficulty of obtaining new data. 
Since Voyager, however, new rings and distant irregu-
lar satellites have been discovered. Additionally, nu-
merous theoretical advances have been made at Jupiter, 
Saturn, and even Neptune that elucidate the physics 
that is likely to be important at Uranus.  

Narrow Rings and Inner Moons:  The inner ura-
nian ring-moon system is probably the most chaotic in 
the Solar System, with narrow rings and small moon-
lets interspersed haphazardly. Numerical integrations 
suggest that the moonlets are collisionally unstable on 
timescales of less than ten million years, hinting that 
other collisions may have occurred in the recent past 
[1]. This dynamical environment can best be studied by 
a long-term orbiting spacecraft. Alternatively, moonlet 
masses might be small enough to allow orbital stability 
– if so, stability may be provide strong constraints on 
satellite densities as at Neptune [2] in advance of an 
orbiting spacecraft. 

Dust Sheets:  Dust from these moonlets is inter-
spered thought the system, organized into tenuous 
sheets detected by Voyager and HST. High phase angle 
Voyager images highlight micron-sized dust and reveal 
complex structures. Observations of the edge-on rings 
seen from Earth [3] hint at vertical structures that are 
probably driven by solar radiation pressure and elec-
tromagnetic forces, stuctures that are perhaps analo-
gous to Saturn’s E ring [4][5]. The large axial tilt of 
Uranus and the planet’s convoluted magnetic field like-
ly leads to powerful resonances and exotic electromag-
netic processes that can sculpt ring structure [6][7].  

Classical Satellites:  A more sedate system of large 
moons orbits at greater distances, with orbits that indi-
cate past resonant passages [8][9][10][11]. Although 
individual past resonances between Ariel,  Umbrial, 
and Miranda have been explored in some detail, there 
are as yet few constraints on the magnitude and dura-
tion of past heating events. Renewed study of the or-
bital dynamics of these objects is warranted, capitaliz-
ing on the dramatic increase in computational power 
over the past 25 years. We can learn a lot from a re-
newed focus on Uranus, but only an orbiting spacecraft 
is likely to reveal whether another Io or Enceladus - 
extinct or even active now- lurks in the system. 

Outer Moons: The discovery of Saturn’s Phoebe 
ring [12] rekindled interest in the idea that inwardly 
migrating dust could coat the surfaces of Iapetus, ac-

counting for its dramatic hemispheric black/white 
asymmetry. Similarly, dark irregular satellites orbiting 
Uranus send dust inward to coat the surfaces of the 
largest uranian moons, albeit less dramatically than 
Iapetus [13]. The high axial tilt of Uranus, as well as 
the intrinsically large inclination of its irregular satel-
lites, scrambles particle orbits sufficiently so that all of 
the major satellites receive a relatively uniform dusting 
[13][14]. Unlike the Phoebe ring at Saturn where the 
dust production is dominated by a single satellite, the 
outer dust cloud of Uranus has many high inclination 
contributors and is, according, not expected to be flat-
tened into a ring. This complicates observations and 
indeed, the outer dust structure has yet to be detected.  

Discussion: There are interesting and important 
scientific questions in the uranian system that can be 
addressed by a future spacecraft mission. Uranus is the 
most accessible of the Ice Giants that are being found 
ever more commonly around sunlike stars.  A mission 
to Uranus would significantly enhance both Solar Sys-
tem and exoplanet science. 
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