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Planet Mercury, analysed by telescopic observations
over two centuries, and by spacecraft Mariner 10
during three flybys in 1974-75, has a diameter of
4878 km, a density of 5.44 g/cm’ and a rotation
period of §8.67 days, which is exactly two thirds of
its orbital period. Its interior is made of very large
iron cores representing 42% of the total volume and
75% of the planetary radius, a silicaceous mantle
and a crustal surface. This surface is comminuted in
a layer of very small siliceous fragments resulting
from pulverization by impacts of all size meteoroids.
It displays impact craters, randomly superimposed,
as for the iunar surface. There are extended, darker
and lower plains, compression ridges and the
cataclysmic huge basin Caloris Planitia, multi-
ringed, fractured and partly flooded. A recon-
stitution of the different phases of evolution of the
planetary body is attempted, since its primordial
accrefion up to 1ts present stage.

B3Y the end of the present century, the knowledge
already gathered about the planets and satellites in our
solar system is the result of two approaches which
mutually added to their outcomes. On the one side, a
slow, progressive, continuous, meticulous accumulation
of data from telescopic observations, which extended
already other two centuries. On the other side, the ex-
piosive, short, dense, intensive releases of few selected
space misstons well targeted for specific goals.

For the case of Mercury, there was only one mission
already achieved, but the spacecraft involved, Mariner
10 flows by Mercury over three successive occurrences
on 29 March 1974, on 21 September 1974 and on 16
March 1975.

For each of these two methods of investigation, the
total nvestments, the overall efforts and the sum of
lalents exhibited could be compared. The respective
scientific releases were of similar fundamental values,
but their implementation entered into completely diffe-
rent time scales, centuries for the telescopic observatt
ions, a single year for space missions.

Orbital characteristics

The precise determination of orbital elements for planct
Mercury (Tabie 1 resulted from the accurate meridian-
circle telescopic observations, carefully conducted all
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along the last century. An important input was also the
precise timing of the contacts with the solar limb when
the planet was observed as a dark spot in front of the
solar disk, 2 rare but important event The history of
these positional astronomy telescopic observations
remains to be reviewed. With the very large eccentricity
of ¢ = 0.205, the orbit of Mercury is inclined by i =7°
and the mean distance to the sun is 57.9 million km. At
perihelion, the distance is 45.9 x 10° km, at aphelion
it reaches 69.7 x 10°km. The orbital period s
P=87.97.

The solar globe oblateness produces a drift in the
heltocentric longitude of the perihelion. The amount was
observed to be 5600 arcsec/century and was found to
exceed by 43 arcsecicentury the value calculated by
newtonian celestial mechanism, a discrepancy which
was for long considered an enigma. The French astrono-
mer Urbain Le Verrier tried to interpret it by the effect
of a yet unknown new planet, located closer to the Sun
than Mercury itself. He calculated some orbital elements
and prematurcly assigned to the new planet the name
‘Vulcain’. This shift in the perihelic longitude of
Mercury is now completely explained by the theory
of relativity for which Einstein gave the principle in
1915.

The determination of the celestial coordinates of the
small asterotd Eros, based upon photographic astrometry

Table 1. Planct Mercury
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V=885 w=92° d=69 V=735 w=108° d=6%

8 Octobre 1950 11 Octobre 1950
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Figure 1. Telescopic aspect of Planct Mercury 247 refractor at Pic-du-Midi, France, magmfication 900 by Audoum
Dollius South i1s up

conducted when the small body reached its minimum  abled the German astronomer Rabe to derive the mass of
distance to the Sun not far from planet Mercury, the planet and was found to be 1/6.120.000 the mass of

discloses some anomalies which were rightly attributed  the Sun or 3.21 x 10% grams. The value was slightly refined
Lo the gravitational effect of Mercury. Their analysis en-  later when the spacecraft Mariner 10 flew by Mercury.
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INNER PLANETS

Size of the globe

Observed not far from the very bright Sun, in the
twilight, low above the horizon, far from the Earth,
Mercury is not a planet for which a telescopic deter-
mination of diameter is easy to secure. Altogether, with
the filar micrometer. the heliometer, the measurements
during transit over the solar disk, after 70 years of
survey, sixteen values were available in 1950, but their
disagreement was as large as 3%, giving an uncertainty
of 10% In the volume and accordingly to the density.
This very large margin made meantngless any deduction
about internal structure or composition of the globe.

However, taking benefit of the opportunity on the 7
November 1960 transit of Mercury, when the planet was
seen as a black disc over the bright solar disk, an
international cooperation among five Observatories
coordinated by the International Astronomical Union
and Observatoire de Paris, combined the techniques of
double image micrometry and of black disk photometry,
to derive the diameter 4840 km, with an accuracy of 1%.
This value was still improved 15 years later with the
spacecraft Mariner 10 with 4878 kin.

The mean density of the globe was found to be as high
as 5.44 g/cm’ to be compared with earth’s value 5.52
g/cm® for a far larger volume, and the consequences will
be developed below.

Rotation of the globe

To scrutinize at the telescope the main features glanced
al the surface of the planetary crescent, to reproduce

them and to identify their configurations have been for
long talented achievements. By the end of the last
century, the Italian Giovani Schiaparelli recognized
periodically some characteristic features and, in 1889,
risked the proposition that the rotation period be the
same as the orbital revolution of the planet around the
Sun, which is 88 days. In this configuration. the planet
faces the Sun always with the same hemisphere as for
the case of the Moon with the Earth.

Fortyfive years later, working with the great refractor
at Meudon Observatory in France, the Greek Eugen
Antoriadi announced a confirmation and published a
map on the mercurian surface features which were very
similar to the one given by Schiaparelli. The 88 rotation
period was claimed as a demonstrated result, although
some astronomers like George Fournier, on the basis of
his own numerous observations with the Jarry-Desloges
telescopes, expressed serious reservation.

From the French high altitude Pic-du-Midi, in 1942,
Bernard Lyot achieved sequences of exceptional visual
observations, while Henri Camichel recorded for the
first time the surface features on photographs. The
agreement with Antoniadi was not obvious. In 1950,
with the larger refractor yet operationzl at Pic-du-Mdi,
the author of these lines detected at the surface of
Mercury features not larger than 300 km. with a
magnification of 900. a new scale in the approach. The
configurations identified by Bernard Lyot were seen
again, sharpened in their details.

During the following period. due to the outstanding
developments of the new born radar astronomy, the
Americans Gordon Pettengill and Ralf Dyce detected,.
and then analysed, the echos over Mercurv of the radar

16 JUILLET 1942
07h24m

6 AOUT 1942
07h04m

10 AOUT 1942
09h 20m

Feeuee 2.0 Photosiraphoe anagos o) foatinos a0 e st Face of Mereriy 157 cefracton af Pro-du-Nids by ftcmi Caomcbl The oz i documesis
wore deettalized and processed for hugh sesolution enliancements ul Observatone de Mendun raee South s np

CUHRRINTESCIHNCE, VOl 66. NOS 7& 8. 10 & 25 APRI 1994

207






