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is when the spacecraft is behind Mercury and not observable from Earth.
Mercury’s Gravity Field: Our present knowledge
of Mercury’s gravity field comes exclusively from
three flybys of Mariner 10 in 1974 and 1975 [3, 4].
These flybys provided estimates of the C20 and C22
terms, which represent the latitudinal flattening (oblateness) and equatorial ellipticity of Mercury’s gravity
field. Their quoted uncertainties [4] are 30% for C20
and 50% for C22. The geometry of the MESSENGER
flyby is different from that of any of the Mariner 10
flybys because the longitude and latitude of closest
approach will be different, and the lowest altitude will
be less. Further, the geometry of the flyby is such that
the spacecraft motion is almost in the line-of-sight direction from Earth after closest approach, enabling the
maximum Doppler signal to be observed. Figure 2
shows the geometry of the MESSENGER flyby projected onto the equatorial plane of Mercury.
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Introduction: On January 14, 2008, the
MESSENGER spacecraft will fly by the planet Mercury at a closest approach altitude of 193 km. The
spacecraft will be tracked nearly continuously by the
Deep Space Network (DSN) for about 2 days before
and after the encounter and will provide Doppler tracking measurements whenever MESSENGER is visible
from Earth. The tracking data will provide important
information on the low-degree gravity field of Mercury, which was last measured by Mariner 10 in 197475 and which could provide critical data on the size of
Mercury’s core [1, 2].
Orbital Geometry of the Flyby: The important
time period for estimating the coefficients of Mercury’s gravity field is within about 5 hours on either
side of closest approach. At the greater distances the
orbit is almost unperturbed by Mercury except for its
central mass term, but as MESSENGER approaches
the planet the effect of the very-low-degree terms in
the gravity field becomes detectable in the Doppler and
range tracking signals. Figure 1 shows the altitude of
MESSENGER above the surface of Mercury for 10
hours when within 105 km. The closest approach will
occur around 1905 GMT on January 14, 2008, just
south of the equator at longitude ~38°E.
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Figure 1. The predicted altitude of MESSENGER
above Mercury during the 10-hour period centered on
closest approach on January 14, 2008. The dashed line

Figure 2. Trajectory of the MESSENGER flyby projected onto Mercury’s equatorial plane (X,Y). The
predicted closest approach by MESSENGER is 193
km altitude at 4°S, 38°E, and the MESSENGER trajectory is deflected approximately 20° by the flyby.
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The flyby of MESSENGER has the possibility of
significantly reducing the uncertainties in the C20 and
C22 coefficients. A 1-σ error in either coefficient could
produce a 1 cm/s change in spacecraft velocity, which
would be observable in the X-band Doppler signal,
which has an accuracy of ~0.1 mm/s [5].
Figure 3 shows the perturbations in spacecraft lineof-sight velocity as a result of propagating a 1-σ error
in the gravity coefficients C20 and C22. The effect of an
error in either coefficient is to produce an initial rise or
decline in velocity (not observable due to the occultation by the planet) followed by a fall (or rise) after
closest approach. The Doppler-like curves in Figure 3
are not symmetric because the deviations shown are a
propagation rather than a fit to the data.
Any deviation in range-rate signal from the predicted will be the result of the combined errors in the
Mariner 10 gravity coefficients used to generate the
prediction, and will have a signature similar in form to
the red curve in Figure 3 but of unknown amplitude or
sign.
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Figure 3. Changes in the velocity of the MESSENGER spacecraft resulting from the published 1-σ
errors in the C20 and C22 gravity field coefficients.
The biggest challenge in interpreting the flyby
gravity signal will likely be separating the C20 and C22
components, and possibly identifying contributions
from other gravity coefficients presently ignored. But
if the present values are in error by even 10% we expect to be able to deduce that information directly from
the tracking data, and thereby hope to reduce the uncertainties in C20 and C22 significantly. More tightly
constrained values of these coefficients will significantly reduce the uncertainties in the extent of the liquid core."
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