Origin of the Moon

Recalculation of early earth-moon distances
suggests dramatic events a billion years ago.

The moon is now the target of the
biggest scientific projects of the two
superpowers of the world. Billions of
dollars and rubles are spent on the
exploration of the properties of our
closest neighbor in space. Thus it is
surprising that important new results
concerning the history of the moon
can be obtained by a high school teach-
er having no other assets than his in-
terest and his free time.

It is still more surprising that, in a
time when many scientists spend a con-
siderable part of their year attending
conferences and when so much effort
is spent on scientific information and
documentation, the results of his in-
vestigation can remain almost unknown
for about a decade.

In a recent article in Science,
G. J. F. MacDonald treats the prob-
lem of the origin of the moon, giv-
ing an account of the classical work
of George Darwin. About a century
ago Darwin showed that the tides made
the moon’s distance from the earth in-
crease and that, consequently, the moon
earlier must have been much closer to
the ecarth, He calculated the orbit of
the moon back to a period when it
was only a few times the earth’s radius
away. Darwin had developed a theory
according to which the moon was
formed by tidal fission from an elongat-
ed, rapidly rotating earth. However,
the coordination of this theory with
his calculations, just mentioned, led to
difficulties concerning the inclination of
the lunar orbit relative to the plane
of rotation, at least in the case of low
viscosity. In the popular literature
Darwin’s hypothesis has been “devel-
oped,” and it is often claimed that
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when the moon was thrown out it
left a hole which is now the Pacific
Ocean. This idea, of course, does not
stand a serious scientific criticism.

Gerstenkorn’s Calculations

H. Gerstenkorn, a high school teach-
er in Hannover, Germany, has taken
up the problem again and has re-
peted Darwin’s calculations, using
modern values for some of the pa-
rameters. Especially important is the
fact that he continued the calculation
beyond the point where Darwin inter-
rupted it. He thus found that, when
the moon was close to the earth, the
inclination of the moon’s orbit was
much greater than it is now, indeed so
great that the moon passed over the
poles of the earth. Still earlier the
moon moved in a retrograde orbit. Ger-
stenkorn has traced the moon’s orbit
back still farther and has found that
once the orbit was so eccentric that it
was a parabola. In this way he has dem-
onstrated that the moon may have been
an independent planet which was cap-
tured by the earth in a parabolic retro-
grade orbit. The tidal action explains
the development of the earth-moon sys-
tem to the present state.

Gerstenkorn published his results
in 1954 in Zeitschrift fiir Astro-
physik under the title “Ueber die

Gezeitenreibung beim Zweikorperprob-
lem.” It is not very easy to under-
stand at once that this title hides some
very important results about the origin
of the moon. For my own part I must
confess that I was not aware of the
paper until 1961, when a reference in
a survey article by Opik attracted my
interest.

Although this experience could be

the starting point for a discussion
about the present state of science and
documentation, I believe it is still more
interesting to discuss the dramatic
events which, according to Gersten-
korn, took place some billion years
ago.

His calculation of the minimum dis-
tance of the moon gives 2.89 times
the radius of the earth, which hap-
pens to be exactly the Roche limit.
This limit determines how close to a
planet a satellite can come and remain
stable. In the same way that the moon
produces tides on the earth, the earth
produces tides on the moon, and any
mother planet does the same to her
satellites. The height of the tides de-
pends on the distance: the closer a
satellite is to the planet, the higher the
tides are. At a distance Ry given by

Ry = 2.44 Re (pr/ps) 3

(Rp is the radius of the planet, and
ps and pp are the mean densities of
the satellite and the planet) the tides
become infinitely high, so that the
satellite, if liquid, is disrupted. This
means that the tide-producing force of
the planet exceeds the gravitation of
the satellite, so that matter can be
thrown out from the satellite. If a
liquid satellite is placed inside the
Roche limit it will be completely dis-
rupted. A solid satellite is split into
pieces if the tidal force exceeds the
cohesion of the body. Introducing the
mean densities of the earth and the
moon into the formula, we find that the
moon may break up if brought to a
distance less than 2.89 times the earth’s
radius.

Since Gerstenkorn’s work the prob-
lem has been recalculated by Rouskol
at the Schmidt Institute in Moscow,
and by MacDonald, who, for the mini-
mum distance, finds 2.35 and 2.72
times the earth’s radius. It is not quite
clear why the three results differ.

Implications

If we accept Gerstenkorn’s calcula-
tions, the moon seems once to have
been so close to the earth that it may
have been disrupted and some of its
matter may have been thrown out into
space. If we try to visualize what hap-
pened at this time we are facing the
most dramatic event in the history of
the earth.

The moon was originally an inde-
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pendent planet moving around the sun
in an orbit very close to the earth’s
orbit. Once it happened to come so
close to the earth that it was cap-
tured and began to move around the
earth. The orbit was retrograde—that
is, the moon went round the earth in a
sense contrary to the earth’s rotation.
Therefore the effect of the tides worked
in a direction contrary to the present
direction, so that the orbit of the moon
shrank continuously. At the same time
the inclination of the orbit became
steeper and steeper relative to the equa-
torial plane of the earth, and finally
it moved over the poles. The distance
of the moon was only four earth radii,
and the moon was still approaching
the earth.

If there had been somebody on the
earth who was able to see the moon,
he would first have seen it as an ordi-
nary planet, which sometimes looked
bright and sometimes faint. Once,
when it was unusually bright, it did
not fade away in the usual way but
stayed close to the earth, and very
slowly became brighter and brighter.
Gradually the moon came to look al-
most as it does now. However, as hun-
dreds of millions of years passed, the
moon approached slowly and seemed
to grow larger and larger, so that
finally its apparent diameter was more
than 20 times the present one (its ap-
parent surface being 400 times larger
than it is now). At the same time the
tides increased, and when the moon
was closest to the earth the height of
the tidal waves was several kilometers.
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But, if the moon produced such an
enormous tide on the earth, the tidal
effect which the earth produced on the
moon was still larger. As a matter of
fact, the strength of the earth’s gravita-
tional pull on the surface of the moon
finally became greater than the moon’s
own gravitation; in other words, the
moon came inside the Roche limit.

When this happened there was a
partial disintegration of the moon.
Large and small rocks, stones, and
sand were thrown out from the
moon because of the attraction of
the earth and spread throughout the
whole space around the earth and the
moon, " filling the sky and obscuring
the sun. But now the moon had
reached its minimum distance from the
earth and the action of the tides
changed, so that the moon began to
retire.

Some of the fragments of the moon,
which were thrown out into space,
rapidly fell on the earth. Other frag-
ments circled around in complicated
orbits under the action of the gravita-
tion of the earth and the moon. Many
of these finally fell on the earth, and
others fell on the moon. Hence,
when the moon was receding from the
earth it must have been subject to an
intense bombardment of fragments of
“itself,” in the form of large meteors.
It is possible that many if not all of
the craters of the moon were produced
in this way. This means that the moon
may have got its present scarred face
during a relatively short period after
its closest approach. After its brutal

rendezvous with the earth, the moon in-
creased its distance more and more
until it reached its present orbit.

But let us now return to the earth
and see how it was affected. The tidal
waves reached a maximum of between
5 and 10 kilometers, and, as the ro-
tational period of the earth was 4.8
hours, they swept around with great
speed. Moreover, the moon had a pe-
riod of only 6.9 hours, and as it went
over the poles of the earth there was
no part of the earth which was not
violently “polished.” When the moon
broke up at the Roche limit, much of
the debris fell on the earth. How much
is difficult to compute. It is possible
that it was only a small. amount of
matter, which we now are looking for
in vain. But it is also possible that so
much of lunar matter fell down that
the upper layer of the earth—the crust
—originally derives from the moon.

It will be an interesting task to try
to reconcile this picture with the re-
sults of geology. There is no doubt
that an event of this kind must have
changed the surface of the earth so
drastically that it could not have es-
caped the notice of the geologists, un-
less it happened at a very early period
in the geological development.
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