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EARLY IDEAS ABOUT COMETS
1650 - 1700
By SEymour L. CHAPIN
Student, University of California
at Los Angeles

The marked development of science during the
seventeenth century has been called the most out-
standing feature of that epoch. The degree to which
such a viewpoint is justified may be questioned,
but that such a development did take place is un-
questioned. The purpose of this paper is to illus-’
trate one small aspect of this growth.

Among the sciences which flourished during this
period astronomy was one of the most prominent.
The discovery of the telescope and its application
to astronomy, the statement of the laws of planetary
motion, the formulation of the general laws of
motion, and the deduction of the law of universal
gravitation from these principles of nature, all fell
within the seventeenth century. One of the results
of these discoveries was the answer to the question
concerning the proper place of comets in the. uni-
verse. The development of the theory of comets,
with particular regard to questions of their motion,
is a subject well worth our consideration.

Before entering this discussion, it seems advis-
able to comment on the religious and popular
thought concerning comets at that time. Comets
were generally looked upon as messengers from
God, sent to evidence his displeasure and to presage
war, sickness, famine, plague, or the death of some
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great prince. Astrologers were more apt to at-
tribute the origin of comets to the conjunction of
the planets in one of the signs of the zodiac, but
they too interpreted the appearance of comets as
evil omens.

It is not too surprising to discover that Kepler
was in agreement with these viewpoints. This may
be understood if we bear in mind that his source
of income was dependent upon his value as the
Court Astrologer to the Emperor Rudolph II. It
is much more surprising to find that the man who
stated the laws of planetary motion did not believe
that comets were subject to these laws, but that
they moved in straight lines. He believed that
comets were formed by an accumulation of waste
matter resulting from the self-purification of the
air, and that they were not eternal because they
dissipated themselves through their tails.

Galileo’s opinion on the movement of comets
was almost the same as that of Kepler. Whereas
Kepler was partially able to explain their ap-
parently irregular motion by means of the move-
ment of the earth, Galileo did not dare to do so
and, was, therefore, left in an untenable position.
His theory of their formation was that comets
were formed from material exhaled by the earth.
Gassendi, like Galileo, followed Kepler’s ideas
concerning the rectilinear movement of comets, but
he rejected prevailing opinions as to their nature;
and, indeed, thought that they would never be
perfectly understood by man. His greatest service
in this field was in doing away with its long-stand-
ing guperstitions. His argument, however, rested

- upon philosophical speculations rather than the

belief that comets were natural bodies.
Descartes, on the other hand, thought they were
natural phenomena, and, although he cannot quali-
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fy as an authority in astronomy, his stature in
other fields was such that his least speculation
attracted considerable following. Kepler, Galileo,
and Gassendi were, however, respected as astrono-
mers and it is somewhat surprising to find their
almost completely erroneous theories being chal-
lenged in the mid-seventeenth century.

This challenge, occasioned by the appearance of
a comet in 1652, emanated from two sources. Seth
Ward, Professor of Astronomy at Oxford, examined
the nature of comets in general in a lecture deliv-
ered at Oxford. He decided that comets revolved
around the sun in orbits which were either ex-
tremely eccentric circles or ellipses, which could
either include or exclude the earth. These orbits,
further, were so great that comets become visible
to us only when near perihelion. He explained
their apparent rectilinear movement as due to their
distance from the earth.

Jean Dominique Cassini, writing on this same
comet in Italy, was not yet willing to commit
himself on the shape of the orbit. He did recognize
that the irregular motion of comets could only be
an apparent one, from which he conjectured that
they had the same regularity and were of the same
antiquity as the planets. He thought them gener-
ated by the chance accumulation of exhalations
furnished by the planets and the stars.

Paucity of material for the ensuing years makes
it difficult to evaluate the influence of these two
men. The next great developmental period arrived
with the appearance of a comet late in 1664 and
another in April, 1665. These comets caused a
great deal of excitement, and occasioned a multi-
tude of dissertations. Some of the theories then
advanced bear a marked resemblance to those of
Ward, but it seems impossible to determine whether
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this was due to any knowledge of his opinions.
Since these new theorists gave no credit to Ward,
they were apparently not directly influenced by
him. Ward was the first to conceive the idea of a
regulated orbit, but others may have thought of
it quite independently.

An indication of the interest aroused by the
comet of 1664 is the calling of 'an assembly at the
College of Clermont in January, 1665, to deter-
mine the nature of comets. The theories proposed
there, however, added nothing of value to the
advancement of cometary knowledge. The con-
ference might have played a significant role in the
development of cometography had Pierre Petit been
able to make his scheduled appearance before it.

Petit developed his hypotheses as a result of an
order from.the King to report on the comet of
1664. His thesis, printed the following year, was a
close approximation to present ideas. He believed
comets to be eternal works of nature, which be-
come invisible because of their distance, but which
reappear at regular periodic intervals. He would
1ot set an upper time limit, for he believed there
was no danger of making the universe too vast.
He formed the opinion that the comets of 1618
and 1664 were identical because of the similarity
between their routes and velocities, and further
supported this thesis by citing twenty examples of
the apparition of a comet at 46-year intervals. He
became the first man in history to announce the
return of a comet, on other than astrological bases,
by predicting that this same comet would reappear
in 1710.

The form and the position of comets’ orbits were
still to be determined. Petit decided that the orbits
extended beyond Saturn, making 30 years the least
time necessary for the completion of one revolu-
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tion. The orbit became for him, as for Ward,
either a circle or an ellipse very eccentric with
respect to the earth or “to the orbit of the Sun™.
This last phrase reveals the weakness of his theory.
His thesis was in press when the comet’s apparent
motion suddenly became retrograde, and because
of his rejection of the earth’s movement he was
forced to add some reflections in explanation of
this phenomenon. He concluded that comets ex-
hibiting such a curvature at the end of their ap-
paritions must have elliptical orbits which exclude
the earth. This weakness in his theory was common
to the systems of others, and cannot be regarded as
the cause for the lack of attention given to his
work, which seems to have produced little effect.

Petit’s prediction had concerned itself with the
periodic revolution of the comet, and he had sup-
posed its movement across the sky to be rectilinear.
On the basis of the same supposition, two other
authors, Adrien Auzout and Jean Dominique Cas-
sini, constructed ephemerides.

Two or three early observations were the basis
of Auzout’s prediction of the comet’s trajectory.
From these he traced its route on a globe by assum-
ing that its motion would continue with unchanged
velocity and direction, but he failed to make it
clear whether he believed that comets continued
in this straight line after becoming invisible.
Cassini’s ephemeris, constructed like Auzout’s, left
no doubt regarding its orbit. He believed this
comet revolved around the Great Dog in so great
a circle that the very small portion described was
hardly distinguishable from a straight line.

Both Auzout and Cassini produced ephemerides
for the comet of 1665. Neither one had predicted
the retrogression due to the earth’s motion. Auzout
attempted to justify himself and, at the same time,
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permit deviations from his new predictions by
questioning the accuracy of available instruments.
Actually, however, his and Cassini’s inaccuracies
were due to rejection of the Copernican theory, and
no amount of instrument improvement could cor-
rect this error,

Auzout was much less sure than Cassini that the
earth did not move. In fact, he had expressed the
hope that the distance and magnitude of the comet
could be determined, and that the question of the
earth’s motion would thus be determined. He did
not, however, accept the figures of Johann Hevelius,
with their necessary consequences of a moving
earth, which appeared shortly thereafter.

Hevelius began observing comets in 1652, and
worked intensely on their theory for the next 15
years. His work on the comet of 1664, Prodromus
Cometicus, appeared in November, 1665. In it,
Hevelius supported the Copernican viewpoint and
held that comets were spurious planets. He ex-
plained their true motion by assuming that their
paths were conic sections—either hyperbolas, para-
bolas, or ellipses. He deduced the parallax of the
comet of 1664 from observation, and from it cal-
culated the comet’s true diameter and its distance
from the earth.

The Hevelian theory and figures were questioned
because of his apparently erroneous observation of
the comet on February 18, 1665. Auzout was the
first to challenge the observation, and it soon be-
came the subject of wide interest. The result of
the accumulation of data from all over Europe
showed Hevelius to be in error..

According to the theories expressed in his Comet-
ographia, in 1668, Hevelius held to the opinion
that comets originate from the atmospheric mate-
rial of the sun and planets. Since the color of
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the comet of 1665 was the same as that of Jupiter
the comet must have been formed from the atmos-
phere of the planet. He further pointed out the
digression of the comet’s course from that pre-
dicted by Auzout. |

The conflict between Auzout and Hevelius de-
layed the development of cometography. Because
of it, the Hevelian theory of the motion of comets
in conic-section curves received little serious at-
tention from the active group of French astron-
omers. The final acceptance of his theory was at
the hands of another German, Georg Doerfel, upon
the occasion of the appearance of the. comet of
1680.

This comet was-first observed by Kirk on Novem-
her 14 and later by Hevelius. On December 5 it
was lost in the rays of the sun, but on December
22 Cassini and Flamsteed observed a comet coming
out of the sun’s rays. Not all astronomers were
convinced that this was the same comet that had
been seen in November and early December, be-
cause to admit this would be to admit that its
orbit had become extremely curved during its
conjunction, while at its perihelion. Cassini, rec-
ognized this and being unable to explain it by
his theory, concluded that there were two comets.
He had illustrious company in this opinion— nota-
biy Newton. Flamsteed argued the point with
Newton and Hevelius also believed that there had
been only one comet, but did not apply his theory.

Making use of the observations, the opportunity
fell to Doerfel to prove that only one comet had
been seen, and that the only explanation of its
movement was a parabolic orbit. He placed the
sun at the focus of the parabola and attributed a
like orbit to all comets. The periodic return of
comets was not, however, a corollary of Doerfel’s
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theory, and it is surprising that the possibility of
a closed orbit didn’t occur to him, particularly in
view of the fact that this idea had been advanced
to such an extent that even astrologers were forced
to admit its possibility.

The solution of the problem of the motion of

-comets was first stated in Newton’s” Principia in

1687. Newton believed that their orbits approxi-
mate parabolas so closely that the use of such
curves would not result in any appreciable error.
He demonstrated that such curves could be deter-
mined from three observations, and actually deter-
mined - the parabolic orbit of the comet of 1680,
using three observations of Flamsteed.

Parabolic orbits were considered only as useful
approximations to the true orbits which he believed
were ellipsés with the sun at one focus. On this
basis, formfiulae were developed for their periodic

times and their velocities.

This was the culmination of seventeenth-century

cometography. Whether or not all the theory

originated with Newton is an important considera-
tion 'in its historical development. He had the close
cooperation of Edmund Halley who was well versed
in cometography. This theory, might be considered
the result of the joint studies of Newton and Halley,
hut the firm basis upon which it was laid and the
precise demonstrations are undoubtedly Newtonian.

The basic theory was the product of the last
half of the seventeenth century, but doubts remain-
ing at that time could be dispelled only by "the
fulfililment of an accurate prediction of a comet’s
return, which did not happen until the eighteenth
century.
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