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Dawn Takes a Closer Look

By Dr. Marc Rayman

Dawn is the first space mission with an itinerary that includes orbiting two separate solar system
destinations. It is also the only spacecraft ever to orbit an object in the main asteroid belt between
Mars and Jupiter. The spacecraft accomplishes this feat using ion propulsion, a technology first
proven in space on the highly successful Deep Space 1 mission, part of NASA’s New
Millennium program.

Launched in September 2007, Dawn arrived at protoplanet Vesta in July 2011. It will orbit and
study Vesta until July 2012, when it will leave orbit for dwarf planet Ceres, also in the asteroid
belt.

Dawn can maneuver to the orbit best suited for conducting each of its scientific observations.
After months mapping this alien world from higher altitudes, Dawn spiraled closer to Vesta to
attain a low altitude orbit, the better to study Vesta’s composition and map its complicated
gravity field.

Changing and refining Dawn’s orbit of this massive, irregular, heterogeneous body is one of the
most complicated parts of the mission. In addition, to meet all the scientific objectives, the
orientation of this orbit needs to change.

These differing orientations are a crucial element of the strategy for gathering the most
scientifically valuable data on Vesta. It generally requires a great deal of maneuvering to change
the plane of a spacecraft’s orbit. The ion propulsion system allows the probe to fly from one orbit
to another without the penalty of carrying a massive supply of propellant. Indeed, one of the
reasons that traveling from Earth to Vesta (and later Ceres) requires ion propulsion is the
challenge of tilting the orbit around the sun.

Although the ion propulsion system accomplishes the majority of the orbit change, Dawn’s
navigators are enlisting Vesta itself. Some of the ion thrusting was designed in part to put the
spacecraft in certain locations from which Vesta would twist its orbit toward the target angle for
the low-altitude orbit. As Dawn rotates and the world underneath it revolves, the spacecraft feels
a changing pull. There is always a tug downward, but because of Vesta’s heterogeneous interior
structure, sometimes there is also a slight force to one side or another. With their knowledge of
the gravity field, the mission team plotted a course that took advantage of these variations to get
a free ride.

The flight plan is a complex affair of carefully timed thrusting and coasting. Very far from home,
the spacecraft is making excellent progress in its expedition at a fascinating world that, until a
few months ago, had never seen a probe from Earth.

Keep up with Dawn’s progress by following the Chief Engineer’s (yours truly’s) journal at
http://dawn.jpl.nasa.gov/mission/journal.asp. And check out the illustrated story in verse of
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“Professor Starr’s Dream Trip: Or, how a little technology goes a long way,” at
http://spaceplace.nasa.gov/story-prof-starr.

This article was provided courtesy of the Jet Propulsion Laboratory, California Institute of
Technology, under a contract with the National Aeronautics and Space Administration.

This full view of the giant asteroid Vesta was taken by NASA’s Dawn spacecraft, as part of a
rotation characterization sequence on July 24, 2011, at a distance of 5,200 kilometers (3,200
miles). Credit: NASA/JPL-Caltech/UCLA/MPS/DLR/IDA
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