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ABSTRACT

It would be easier to land a spacecraft gently on
Phobos, the tiny Martian ﬁoon, than on Mars. The study
of Phobos' material could provide information about the
origin of Mars. Detailed information about the Martian
relief could be derived from the analysis of the radio
signals before and after each occultation of Phobog by
Mars. Finally, the Doppler Tracking Data would yield the
accurate values of the coefficients of the development of
Mars' potential in spherical harmonics and would provide
an opportunity to test the hypothesis that Newton's
constant varies with the gravitational potential. The.:
result of this test could have fundamental implications

in Relativistic Astrophysics and Cosmology.




;
i
1
/]

It is generally held that, aftcr the Moon has been
explored ,Venus and Mars should be the objectives of
the next soft landings.{ Information about these two
planets gathered in the last few years indicates, however,
that the task would be more difficult than was assumed
in the past. The surface of Venus is so hot that after
the landing the instruments carried by a spacecraft may
not continue to work for the time needed for the acquis-
ition of significant information; Mars's atmosphere is
so thin that it may be of only limited help in the execution
of a soft landing. It is the purpose of this letter to
suggest that a landing on Phobos, one of the two tiny
Martian moons, would be technically easier and scientific-
ally more rewérding.

The radius of the orbit of Phobos is 3 times larger
than the radius of Mars; therefore, the binding energy
in the gravitational field of Mars would be about 6 times
smaller for a spacecraft orbiting with Phobos than for
a spacecraft on the same mass standing on the surface
of Mars. This means that considerably less fuel would
be needed for a mission to Phobos than for a mission

to Mars.




As the gravitational pull of Phobos is weak, the
task of bringing a spacecraft to rest in a frame of
reference moving with Phobos could be performed leisurely,
and would not involve technical problems similar to
those connected with a landing on either the Moon or
Mars. The escape velocity from Phobos is, however, not
completely negligible. (of the order of 10m/sec) and a
hopping spacecraft could easily reach, by successive
attempts, the position suitable for any particular
experiment.

Finally, the period of rotation of Phobos is prob-
ably equal to the period of revolution, which is less
than 8 hours. Therefore, a spacecraft on its surface would
not have to face the rather extreme temperatures that
often shorten the useful life of instruments on the Moon.

Let us now consider what results could presumably
be achieved by a soft landing on Phobos.

l. It seems a safé assumption that Phobos and Mars
have a common origin. Since Phobos is small, its
material probably did not go through conditions of
high temperatures or high density after the separ-

ation from Mars, and has thus retained its original




- characteristics. The study of this material could thus
3 yield information about the origin of the planet.
It could be of some interest to compare the density
of material of Phobos to the average density of Mars.
i 2. Usually, Phobos is occulted by Mars in the course
of its revolution. Only when the intersection

between the orbital plane of Phobos and the plane

of the ecliptic makes an angle close to 90° with
the line of sight, does the occultation not occur.
i The analysis of the radio signal from the space-
E craft before and after each occultation could yield
j ; the atmospheric density at the diffracting edgesl,
| and thus the relative altitudes of the edges.

Detailed information about the Martian relief could
ﬁ%é thus be obtained.
é:. 3. The Doppler tracking data of the radio signal from
b the spacecraft could yield the radial component of
its velocity with an error smaller that 0.1 cm/sec.;l'2

the trajectories of Marinexr IV and Mariner V have

been accurately determined in this way. The




1a»  trajectory of Phobes could be determined with an

even better accuracy since it is not affected appreciably
by rather unpredictable perturbations like radiation
pressure and electrostatic forces which are important

for artificial satellites. It.would thus be possible to

determine the first coefficients of the development of
_;;{ Mars's potential in spherical harmonics with an accuracy
better than that achieved so far in the determination
of the coefficients of the Earth's potential.
| gi 4. The observations considered so far would be
. relevant for the study of Mars; we shall now men-
tion briefly an experiment which could have impli-
cations in Relativistic Astrophysics and.’Cosmology.
A fuller description of this proposed experiment
will appear elsewhere.

It has often been suggested that the value of

Newton's constant G may be affected by the presence
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of large masses in the neighborhood of the two bodies
used in the measurement; in the frame of Mach's ideas
this is a rather natural suggestion. In the non-

relativistic limit the influence of the large masses

. can appear only through the gravitational potential V;

§33 a dimensional argument then leads to the relat:'Lon3—lO
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1 + a.g

2
le:

(1)

where a is a constant of the order of unity. This simple
law can be supposed to hold only in the case in which one
can neglect the variation of V throughout the ragion where

the two bodies are placed and the contribution of the two

bodies to V.

Let now

r
r = °

"1 + e cos a
be the equation of the orbit of Mars; since the eccentricity
e has the rather large value 0.093313, the solar gravitational
potential at the position of Mars varies considerably during
the Martian year. Thus equation (1) can be tested and a can
be determined by observing the motion of Phobos under the
gravitational attraction of Mars.

The effect of the variation of G on the orbit of Phobos
would be negligible, but the change in the temporal law of
motion would be detectable. Let the position of Phobos be
determined initially when the true anomaly g of Mars is an
odd multiple of g; The variation of G will result in an
advance.: or delay of 19.4 a msec in the motion of Phobos
at the time that ¢ has increased by T. However, Phobos will
again run on schedule at the tim= that g has further increased

by 1 and Mars has completed one revolution.
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For simplicity, we shall discuss here the detcctabil-
ity of this éffect neglecting the existence of all other
perturbations acting on Phobos. The acceleration of
Phobos in the gravitational field of Mars is about
57 'cm-sec‘z.Therefore, when Phobos and Mars are close
to conjunction and the acceleration of Phobos is in the
direction of the line of sight,‘an advance or delay of
19.4 a msec will result in a difference of 1.1 a cm sec"l
in the radial velocity. As mentioned above, the Doppler
tracking data could yield the velocity of the spacecraft
with an error smaller than O0:1 cm sec'ly the formal
error in the determination of a would thus be less than
0.09.

A more complete discussion would show that the small
perturbation caused by the variation of G could indeed
be separated from other larger perturbations acting on
Phobos; the two basic points in the discussion would be
that the number of important perturbative terms is quite
limited, and that perturbations that cannot be calculated
accurately, like radiation pressure and electrostatic
forces, can be neglected owing to the relatively large

mass of Phobos.




‘ifiﬂ To conclude, it should be mentioned that Phobos
.’?Ei appears merely as a point-like object to a terrestrial
;izjé _ observer; its size and its mass are estimated by assuming
;:id that its albedo and its density have values similar to
é?iéi those of other satellites. More could be learned about
réf Phobos if the plans for the coming fly-by mission to
»ifjé Mars would include a photographic study of this satellite.
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