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An assessment study of a Mercury orbiter mission has been undertaken by the European 
Space Agency, as one of the candidates for its Medium 3 mission, to be considered for launch in 
the early years of the next decade. The mission's objectives include the mapping of Mercury's 
magnetic field, its complete imaging, the determination of its s~urface composition by measuring 
its gamma ray emission, and a comprehensive survey of the Hermean magnetosphere. The 
objectives of the study are to d&e a set of scientific objectives and to derive representative 
requirements from these; to establish the principal technical characteristics and to design, in 
outline, a configuration for the spacecraft, and to establish a mission scenario. A Mercury 
Orbiter mission presents formidable technical challenges. To send a spacecrafl, to Mercury, and 
place it in orbit around the planet, requires a large delta-V capability and a long cruise, as well 
as the use of two Venus and two Mercury flybys, prior to orbit insertion. The thermal problem, 
once the spacecraft is in orbit around Mercury, requires special design techniques: partly because 
of the large solar input (the solar constant is up to a factor 11 larger than at the Earth), but even 
more so because of the high level of heat radiated by the sunlit side of the low albedo planet. 
We present in this paper a brief outline of the scientific objectives and the preliminary spacecraft 
and mission designs. 

The origin of Mernny's magnetic field, identified by h4ariner 10, is not well understood, and 
remains a challenge for theories of planetary magnetism and evolution. Prior to the Mariner 10 
flyby, it had been assumed that the planetary interior solidified very early in Mercwy's history, 
thus preventing the operation of a classical dynamo. In the light of the unambiguous detection 
of a planetary field, a number of possible models have been proposed, in order to explain it either 
by m- the composition of the core (to prevent complete freezing out) or by attempting to 
devise mechanisms which could provide the stable current systems needed for the formation of 
the field. One such model is based on the very large thermal gradients between the dayside and 
nightaide hemispheres, maintained by the slow rotation of the planet. In most models, the 
magnetic field contains not only a dipole term, but significant higher order terms as well. A 
complete mapping of the planetary field is required to provide observational wnstraints on the 
various models and thus information on Mercury's interior and history. 

The Hemean surface is very much lunar-like in the sense that it is pockmarked with impact 
craters of different sizes. There are, however, major differences: while smooth plains covering 
large areas are stratigraphically similar to the lunar mare, the intemter plains of older age are 
a new feature. Furthermore, the Caloris basin with a diameter of 1300 km and the hilly 
structures near the antipodal point are unique to Mercury. Without a comprehensive 
understanding of these outatanding issues, we are unable to reconstruct the history of the early 
solar system. This also means that it is a matter of utgency in planetary science to complete the 
high-resolution imaging observations initiated by Mariner 10. Recent ground-based radar 
observations of Mercury indicated the possible presence of buried water ice in the polar regions. 
A most direct way to confirm (or deny) this conjecture is to compare the crater morphologies 
(particularly if a polar-orbiting phase can be incorporated in this mission) with those of the 
so-called rampant craters on Mars with softened rim structures. The modification of rampant 
craters above a latitude of about 35 deg is most likely the result of fluid flows generated by the 
water melted at impact. The polar crater zones are consequently one of the high-priority targets 
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for the imaging experiment. The chemical composition of the Hermean surface, retaining 
important information on the processes which formed it, also needs to be explored by detecting 
the signatures of the different elements through their induced gamma ray emission spectra. 

The intrinsic magnetic field of the planet, while much weaker than that of the Earth, is 
nevertheless sufficiently strong to present an obstacle to the solar wind flow, thus creating a 
magnetosphere which differs -in several important respects from that of the Earth. These 
differences make it a unique "laboratory" in which to study magnetospheric phenomena on time 
and length scales dramatically different from those in other planetary magnetospheres. The very 
tenuous atmosphere and the almost certainly insignificant ionosphere provide boundary 
conditions which result in very different patterns of current flow and energy transfer h m  the 
solar wind to the magnetosphere. The pressure balance between the planetary magnetic field 
and the solar wind provides the basic scaling law for the size of the magnetosphere. The field 
is weaker than that of the Earth by three orders of magnitude, and, while the solar wind velocity 
is not greatly Werent  at  the heliospheric distance of Mercury, its density is, on average, about 
8 times larger than at 1 AU. These figures yield a scale size for the Hemean magnetosphere 
which is about 5 % that of the terrestrial magnetosphere. 

From the point of view of comparative studies, the Hermean magnetosphere can be ranked 
among the most tantalizing systems. For example, the substorm generation process now under 
much debate (e.g., whether near-tail current disruption should hold the key or not) can be 
clarified by comparing the substorm effects at  Earth and Mercury. This is because the lack of 
a significant ionosphere on Mercury will automatically rule out themechanisms invoking 
magnetosphere-ionosphere coupling as a key element, as far as the Hermean magnetosphere is 
concerned. Even so, solar wind interaction must lead to the development of a magnetospheric 
current system. How such an electric current system would flow and how should it be connected 
with the planetary surface (as a function of local electrical conductivities) must await detailed 
magnetic field a d  plasma observations by the Mercury Orbiter. 

In order to address these objectives, a representative high priority payload has been defined. 
The instruments included are a multi-spectral imaging camera, a gamma ray detector, a 
magnetometer, plasma electron and ion detectors, plasma wave detectors and an ion emitter for 
spacecraft charge control. As a guideline, about half the resources allocated to the payload are 
for the planetary objedives, and the other half for the magnetospheric and space physics 
objectives. The nominal mass of the payload is 40 kg. The spacecraft design concept is primarily 
driven by requirements to carry the fuel needed for the large delta-V capability and to cope with 
the thermal environment. The spinning spacecraft, of dry mass of about 540 kg, is based on the 
ESA's Cluster spacecraft which already carries some 2.2 W s  delta-V capability. The propellant 
mass required for the baseline Mercury Orbiter mission is about 820 kg, corresponding to a total 
delta-V of 2.7 M s .  The total power foreseen in Mercury orbit is about 400 W. Communications 
are provided by a despun antenna of 1.47 m diameter, in both S- and X bands. The downlink 
rates are variable from 2 to 8 kbps, limited by the planned use of ESA 15 m ground stations. 
Following a transfer orbit from the Earth, using two Venus flybys and two Mercury flybys, the 
spacerraft will be injected into Mercury orbit with an apherm of 100,000 km. The orbit is then 
rotated, to a 200 x 16,800 km polar orbit, with a pericentre at  30' latitude north. In order to 
maintain the nominal orbit, fuel corresponding to 72 d s  is needed. The resulting orbit will 
provide full surface coverage, below 5,000 km altitude, in 150 days. In 264 days, a sampling 
time of 471 ho rn  can be achieved over the north pole at altitudes below 1,200 km. 

Widespread scientific interest has been expressed in the mission. At the conclusion of the 
study, expected in April 1994, the scientific and programme committees of the Agency will take 
a decision concerning whether to follow up with an'industrial Phase A study. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


