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Abstract

The School of Graduate Studies,
The Open University of Japan

EIJI UEMURA

History of discovery of the ultra-short-period comet

as viewed from the standpoint of orbit calculation

This doctoral dissertation consists of the introduction and 4 parts. In the
introduction, after defining “a ultra-short-period comet” as a comet with the
period of less than 10 years, following question is raised: Who discovered first
a ultra-short-period comet, and how was it done ? Whereas Halley Comet
was the first short-period comet, the first ultra-short-period comet was
discovered in 1819 by Encke. The object of this dissertation is to clarify the
features of Encke’s discovery of the first ultra-short-period comet.

The title of the Part 1 is “before the discovery of the ultra-short-period
about Lexell’s Comet.” In the first chapter of the Part 1 Euler’s

comet
orbit calculation on the comet of 1769 1is explained. His book which was
published in 1770 at Petersburg showed his way of orbit calculation and we
introduce and estimate his method of orbit calculation.

In the second chapter of the Part 1 we explain briefly Lexell’s Comet,
which French astronomer Messier discovered on June 14, 1770 in Paris.

In the third chapter of the Part 1 we look into eight articles which were
written by Lexell and dealt with the comet of 1770. Lexell computed the
orbit of the comet in the same way as Euler did. Lexell’'s method of orbit

calculation was relatively accurate, but was not enough to give the exact



period of the elliptical orbit. Lexell, however, succeeded in proving that the
period of comet of 1770 was about 5 years and a half. His success was mainly
due to the fact that the comet had passed very close to the Earth and many
observations were reported during more than three months.

In the fourth chapter of the Part 1 we show that despite the low level
technique of orbit calculation in the 18th century Lexell reached the right
answer of 5.5 years due to much amount of observations.

Orbit calculation methods made a remarkable progress after around 1800.
The Part 2 “Development of calculation methods on comet orbits from 1797 to
1818” describes how orbit calculation methods were developed during this
period by many astronomers.

In the first chapter of the Part 2 general aspects on this issue are given.

In the second chapter of the Part 2 we introduce a book which was written
by Olbers in 1797 and discussed the best and easiest way of calculating
parabolic orbits of comets.

In the third chapter of the Part 2 we explain that Gauss succeeded in
calculating exactly the elliptic orbit of Ceres which was discovered at the
beginning of 1801. After Italian astronomer Piazzi observed Ceres for 41
nights, it disappeared behind the sun. Ceres was supposed to appear again
next winter, but it was extremely difficult to predict its exact position. Gauss
began to tackle this problem in September 1801. In only a few months he
succeeded in deciding its elliptic orbit. His result was made public in Zach’s
magazine. Due to Gauss’ prediction Zach and Olbers could find again Ceres
in December 1801. This successful recovery made Gauss famous among
European astronomers and led him several years later to the post of Professor
of Astronomy and Director of the astronomical observatory in Gottingen. In
March of 1802 Olbers discovered Pallas, the second minor planet. Gauss
computed again successfully the orbit of Pallas and nobody doubted any more
the accuracy of Gauss’ method. We also show in this chapter that his
calculation method for Ceres and Pallas was presented to Olbers in 1802.
This paper remained unknown till 1809, when Lindenau happened to see it
and make it public under Gauss’ consent.

In the fourth chapter of the Part 2 a young and talented astronomer Bessel

was introduced. He tried to calculate the orbit of the comet which appeared



in October 1805, but could not know that the comet moved in the elliptic orbit.

In the fifth chapter of the Part 2 a comet which appeared in November
1805 1is discussed. Gauss concluded that this comet’s period was about 4.7
years. The actual period, however, was about 6.6 years. This mistake of
Gauss shows how difficult it was in 1800’s to calculate accurately the periods
of periodic comets.

In the sixth chapter of the Part 2 Gauss’ famous book of 1809 on the
astronomical calculation is introduced. In this book Gauss showed how to
calculate elliptic or hyperbolic orbits of heavenly bodies. We also take a look
at his

discussion on least squares method. Gauss gave in this book the proof of
the least squares method.

In the seventh chapter of the Part 2 we focus on Bessel’s way of calculation
which he showed in his book published in 1810. In this book Bessel used for
the first time least squares method in calculating a comet orbit. He also
tried to calculate perturbation caused by Jupiter, Saturn and other planets.

In the eighth chapter of the Part 2 Gauss’ article which was published in
1811 1s introduced. In this article Gauss showed how to use least squares
method in order to calculate the orbit of Pallas. This article as well as
Bessel’s book in 1810 made it possible to calculate quite accurately the orbit
of heavenly bodies.

In the ninth chapter of the Part 2 we introduce the article written by
Nicolai in 1813. Nicolai, whom Gauss taught at Gottingen University, was
very talented in calculation. In this article he used least squares method in
calculating the period of the comet of 1811, concluding that the comet had
the period of 870 years. His case clearly showed that more and more
astronomers were able to calculate accurately the orbit of comets by using
least squares method.

In the tenth chapter of the Part 2 we give some examples of orbit
calculation on periodic comets that appeared between 1812 and 1818. For
instance, Encke calculated in 1816 the orbit of Pons-Brooks Comet which
was discovered by Pons at Marseille in 1812. The period of Comet Olbers,
which was discovered in 1815 by Olbers, was estimated about 70-80 years

by many astronomers. As the use of least squares method was more and



more common in calculating comet orbits, Gauss seemed to leave those
detailed calculations to young astronomers such as Bessel, Nicolai and
Encke.

In the eleventh chapter of the Part 2 it is pointed out that although the
level of orbit calculation was rapidly going up in 1810’s, only a few
astronomers including Bessel, Gauss and his former students could use
least squares method.

Under these circumstances Encke made in 1819 the historic discovery of
the ultra-short-period comet. This is the subject of Part 3 “How the Encke’s
Comet was discovered.”

In the first chapter of the Part 3 it is stated that the question is whether
the comet of 1818 was identical to the comet of 1805 or not.

In the second chapter of the Part 3 four letters which Encke and Gauss
exchanged between February 1819 and May 1819 are introduced. These
letters, which are not yet published but are open to the public in Web sites,
clarify how Encke proved merely through orbit calculations that two comets
were identical.

In the third chapter of the Part 3 we show that Gauss helped Encke
conduct orbit calculation and wrote an article appreciating Encke’s report.

In the fourth chapter of the Part 3 we show an episode that Encke did
not disclose for more than 20 years a kind of integral calculation which
Gauss taught Encke in his class at Gottingen University.

In the fifth chapter of the Part 3 we remark that Encke’s Comet was
observed in 1822 and 1825 in the position that Encke had predicted. In
1826 the second ultra-short-period comet was discovered by Biela. The
discovery of Encke’s Comet was considered to give much influence on the
astronomy of 19th century.

In the sixth chapter of the Part 3 we point out that we must not disregard
the incidental factor: Bessel could not observe Encke’s Comet in December
1818 due to bad weather. If Bessel himself had observed comet of 1818, he
could have very probably found soon the identity of comet of 1818 and that of
1805.

The Part 4 gives final conclusions. In the first chapter of the Part 4 we

estimate the accuracy of the orbit calculations which such astronomers as



Newton, Euler, Olbers, Gauss, Bessel and Encke used. In Newton’s
calculations the differences between the observed and the computed
longitudes and latitudes were usually less than a few minutes. Euler
seemed satisfied if those differences were less than one or two minutes.
Lexell, who succeeded Euler’s calculation method, found successfully that the
period of the comet of 1770 was around five years and a half. But it did not
mean that he could compute accurately every comet’s period. The comet of
1770 should have been the first ultra-short-period comet, if it had not been
missing due to the attraction of Jupiter. Olbers showed in his book
published in 1797 the easy and effective method of calculating parabolic orbits
of comets. According to Olbers’ method, the differences between the
observed and the computed longitudes and latitudes seemed to be in most
cases less than around one minute. In his famous book of 1809 Gauss
explained his method of computing elliptic orbits of heavenly bodies. He
could compute elliptic orbits of Ceres and Pallas with errors of just some
seconds. He, however, could not give a right answer in 1806 on the period of
the second comet of 1805: he believed it to be 4.7 years, but it turned out in
1827 to be 6.6 years. Bessel used least squares method in his book of 1810
when he computed the orbit of the Great Comet of 1807. It was the first
example of using expressly least squares method in computing orbits. After
1810 he seemed to be able to compute elliptic orbits of comets with errors of
less than ten seconds. Encke used quite often least squares method when he
computed comet’s orbits. The orbits which he decided were mostly quite
accurate.

In the second chapter of the Part 4 we confirm that use of least squares
method was indispensable for the discovery of the ultra-short-period comet.
It was noted that Gauss seemed to be reluctant to use least squares method
in computing orbits of comets.

In the third chapter of the Part 4 we estimate highly the role played by
German astronomers. Many astronomers such as Olbers, Gauss and Bessel,
as well as Zach, Lindenau, Bode, Nicolai and Gerling, had been all so friendly
and helpful to Encke that Encke could achieve lengthy and difficult

calculation which led to the first discovery of the ultra-short-period comet.
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