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Foreword

Clifford J. Cunningham has been genuinely passionate about asteroids ever since I
first met him. It is hard to explain to others why one cares deeply about such eso-
terica. As a graduate student at Stanford, I once heard the famed astrophysicist
S. Chandrasekhar lecture about his work on a topic that seemed completely outside
the mainstream of what was then considered interesting. Someone in the audience
actually asked him why anyone of his ability would waste time on such an appar-
ently useless matter. Chandrasekhar replied very cheerfully, “That is precisely why
I have chosen to do so!”

This is Mr. Cunningham’s second book about the Minor Planets, following the
publication of his well-received and much-utilized Introduction to Asteroids. In this
new work readers are transported back more than two centuries to the end of the
eighteenth century and the quest by the “Celestial Police” for the missing party in
the Titius-Bode “law” of planetary distances. In his profusely illustrated and well-
documented history of the discovery of Ceres on the first day of the nineteenth
century, Mr. Cunningham brings to life a vanished world of astronomy and astrono-
mers. The personal anecdotes that are included in his narrative are particularly use-
ful in understanding the motivation and character of the principal players.

In that spirit, the reader also deserves to know something of the author. Mr.
Cunningham was rather impatient as a youth and chose to skip high school entirely,
entering the University of Waterloo (Ontario, Canada) directly from Grade 9. In
1976, he published the first statistical analysis of genealogy (of the House of Stuart)
and thereby came to the attention of the British Royal Family, especially the Queen
Mother. Mr. Cunningham’s great love of astronomy was also manifest early when
he almost single-handedly founded the Dance Hill Observatory near Kitchener
(Ontario) in 1981.

My personal knowledge of the author began in the mid-1980s when I realized
that he was one of the best science journalists in Canada. Subsequently, I utilized his
valuable book and Minor Planet Index to Scientific Papers when I began to study
asteroid regoliths by means of their submillimeter emission. I have always been
impressed by Dr. Cunningham’s quiet tenacity and the ability to get over seemingly
insurmountable hurdles. He is particularly proud of the asteroid that was named



vi Foreword

4276 Clifford in his honor and of his cameo appearance on the last 1-hr episode of
“Star Trek: Deep Space Nine.” Both of these achievements fulfilled his lifelong
dreams. And yet another such dream was fulfilled in 2015 when he earned a Ph.D.
in the History of Astronomy from the University of Southern Queensland.

Victoria, BC, Canada P.A. Feldman



Preface

As Wordsworth said, “Words last, while all of us will one day pass.” So it is with
those scientists and dilettantes who gazed at Ceres and the other asteroids through
their nineteenth century telescopes. They have all passed, but their words live on in
scientific papers and personal correspondence.

In most cases, their words are in foreign languages, most usually German, Italian,
and French, with lots of Latin thrown in. For the vast majority of twenty-first cen-
tury readers who know only English, this book brings their words to life for the first
time in two centuries.

“The discovery of the new planets, with which our century began so brilliantly,
indisputably deserves the first place in a history of astronomy,” wrote Baron Franz von
Zach in 1811. This book serves to present that history. And that history continues: a
Mars-approaching asteroid designated 2001 AA was discovered on January 1, 2001,
exactly 200 years after the discovery of Ceres. Also in January 2001, the space agency
NASA selected a Ceres orbiter as a potential mission in its Discovery program. This
probe, dubbed Dawn, reached Ceres in 2015, thus heralding the next great phase of
study of the first dwarf planet (and the first asteroid) ever discovered.

This first volume in a four-volume set about the early nineteenth study of Ceres,
Pallas, Juno, and Vesta places the discovery of Ceres in context by looking at its
intellectual antecedents in ancient Greek thought about harmony. Important trans-
lated material in this book includes both monographs about Ceres by its discoverer,
Giuseppe Piazzi, and the Ceres-related sections of books by the German astrono-
mers, Johann Schroeter and Johann Bode. Source materials never before considered
by historians of astronomy are also included here: a conversation with Piazzi, and
another one with Niccolo Cacciatore that should force a reevaluation giving him the
status of co-discoverer of Ceres. All the correspondence between the astronomers of
Europe dealing with Ceres in 1801 and early 1802 are included here, while the sec-
ond volume in the set will focus on the scientific papers they published about Ceres.
Editorial insertions throughout the book are in square brackets.

vii



viii Preface

The great archaeologist Sir Flinders Petrie used to say that those without history
were forced to live in one dimension of time—the present—whereas those who
knew history could live in as many as they pleased. Enjoy this multidimensional
journey.

Heavily revised, this version of a 2002 book self-published by the author via Star
Lab Press as The First Asteroid: Ceres 1801-2001 (09708162-2-7) includes new
opening sections, newly translated documents that did not appear in the earlier ver-
sion, and many revisions to correct errors in the original translations.

Ft. Lauderdale, FL, USA Clifford Cunningham
June 2015
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Chapter 1
The Unseen Planet

A Beautiful Concert

As with most great thoughts in the Western world, we must look to ancient Greece
for the spark that inspired the search for the unseen planet between Mars and Jupiter.
Our story begins in 531 Bc, when the philosopher Pythagoras (580-500 Bc) estab-
lished a school of philosophy in Croton in what is today southern Italy based on
understanding the universe in terms of numbers (Fig. 1.1).

Legend has it that Pythagoras was passing a smithy, and was intrigued to hear
that the four blacksmiths made different notes as they struck the anvil with their
hammers. Upon investigation, he found the hammers were of different weights, and
set up an experiment showing how strings exhibiting different degrees of tautness
gave off different notes. And when the strings were shortened in proportion to the
weights hanging from them, they again produced the same series of notes. Two
thousand years later, a room in Florence, Italy, was filled with weighted strings of
varying lengths, diameters, and tensions to test harmonic ideas. In this case the
investigators were Vincenzo and his son Galileo Galilei (Sobel, 1999) (Fig. 1.2).

Excited at the idea of a link between measurements of length—a quantitative
experience with musical notes —Pythagoras suspected the existence of a fundamen-
tal secret of the universe. He went on to theorize that the distance between the plan-
ets also corresponded to musical notes (Wilson, 1980). Although the smithy legend
itself is “impossible and absurd,” (Burnet, 1908, p. 118), the statement that he dis-
covered the “consonances” by measuring the lengths corresponding to them on the
monochord is quite credible.

It is said that Pythagoras himself was the first to apply the word ‘cosmos,” with
its implication of neatness and good order, to the world. The most intellectually
powerful notion arising out of the spherical Pythagorean cosmos is that of the music
of the spheres.

The Pythagoreans, who were the first [philosophers] to take up mathematics, not only
advanced this study, but also having been brought up in it they thought its principles were

© Springer International Publishing Switzerland 2016 1
C. Cunningham, Discovery of the First Asteroid, Ceres,
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2 1 The Unseen Planet

Fig. 1.1 Johannes Kepler

Fig. 1.2 Pythagoras
experimenting with
harmonics

the principles of all things. Since all other things seemed in their whole nature to be modeled
on numbers, and numbers seemed to be first in all of nature, they supposed the elements of
numbers to be the elements of all things things, and the whole heaven to be a musical scale
and a number. (Aristotle, The Metaphysics, 986) (Jones, 2012, p. 9)

Again, we are indebted to Aristotle (The Heavens 11.9) for giving us their
reasoning:

Some believe that sound must occur when bodies of such magnitude are in motion, since it
is so with the movement even of earthly bodies. The Sun and Moon, and also stars, which



A Beautiful Concert 3

are so great in number and size, moving at such speed, must necessarily produce a noise of
unimaginable volume. On these assumptions, and supposing that their speeds, determined
by their relative distances, have the ratios of the musical concords, they say that the sound
of the stars moving in circular orbits is harmonious. (Furley, 1987, p. 58)

As Plato (428-347 BC) put it, “as the eyes are designed to look upon the stars, so
are the ears to hear harmonious motions, and these are sister sciences as the
Pythagoreans say.” The harmony of the spheres appealed to poets and musicians,
especially because, as the elder Scipio (236—184 Bc) explains, human music is an
imitation of the cosmic music. Chaucer (1342-1400) paraphrases him in The
Parliament of Birds (Chaucer, 1380), where he talks about the melody produced by
nine spheres and the resulting harmony.

And after shewed he him the nyne speres
And after that the melodye herde he
Thet cometh of thilke speres thryes three
Thet welle is of musyke and melodye
In this world heer, and cause of armonye

Poetry is appropriate here because ancient music included not only music but
also metrics—poetry —for Greek poetry was composed to be chanted. “Moreover,
it had an ethical and cosmological aspect; the theory of harmony in music was a
part of the theory of harmony in the whole cosmos. Thus music was a branch of
philosophy as well as a branch of mathematics.” (Sarton, 1952). In this mold, the
main surviving work of Aristoxenos (Elements of Harmony, c. 335 Bc; see Macran,
1902) was of seminal influence. The higher learning of late antiquity and of the
medieval period included four main subjects: arithmetic, music, geometry and
astronomy. Thanks to Pythagoras and Aristoxenos, music was a mathematical sci-
ence, while physics remained closer to philosophy. “As an evidence of the explana-
tion of the world by numbers, the Pythagoreans pointed to the strings of musical
instruments and to the motions of stars and planets, thereby uniting music, poetry,
matter, and mind into a harmonious whole. At least this was their ultimate dream”
(Wilson, 1996).

This concept of the unity of mathematics, music and astronomy influenced
astronomers down to the time of Johannes Kepler (1571-1630) and Marin Mersenne
(1588-1648; see his Traits of Universal Harmony, 1627). At the core of this philoso-
phy is the attempt to find simplicity in the mathematics of the cosmos, a goal shared
by modern-day cosmologists. The fifth-century Bc Pythagoreans were the first in
the Greek tradition to fuse religious feeling with mathematics in their astronomy.
And according to Aristoxenos, the Pythagoreans used music to purify the soul.
Pythagoras went even further when he proclaimed the pursuit of disinterested
knowledge to be the greatest purification—the highest kind of life is the theoretical
or contemplative.

According to Newton’s nephew, John Conduitt (1688—1737), “Sir Isaac used to
say he believed Pythagoras had some notion of gravity, and meant by that what is
vulgarly called the Musick of the Spheres” (Conduitt, 1732).



4 1 The Unseen Planet
The Soul of Science

In many ways Kepler was the quintessence of this tradition. He was immersed in it,
and although he eventually rejected both the geocentric view of the Pythagoreans,
and the circle in favor of the ellipse to represent planetary orbits, he retained a firm
belief in a harmony of the spheres. Some of the mathematical problems he discov-
ered answers to (how many spheres can be packed into a given space?) are only now
being rigorously solved (Cipra, 1991). The sphere packing problem, which has
implications for the atomic theory of matter, was among the topics discussed in let-
ters between Kepler and the English mathematician Thomas Harriot (Szpiro, 2003).
Just as fundamental as the sphere for Kepler was the triangle.

For the ancient Greeks, relative speeds and distances, like musical intervals,
could be expressed as ratios of small integers (Furley, 1987, p. 59). For Kepler, the
structure of the planetary system was derived from the Platonic solids, known as
regular polyhedra (tetrahedron, cube, octahedron, dodecahedron and icosahedron).
Each of these can be constructed by triangles. For example, four equilateral trian-
gles make a tetrahedron, 20 an icosahedron. In the Timaeus, Plato (428-348 BC)
made the first attempt to show the mathematical simplicity behind the misleading
complexity of astronomical appearances by asserting that triangles are the most
basic of figures (Archer-Hind, 1888, pp. 191-208). But why triangles?

To look at the issue from another angle, as it were, consider this passage from the
pen of Thomas Paine (1794):

The scientific principles that man employs to obtain the foreknowledge of an eclipse, or of
anything else relating to the motion of the heavenly bodies, are contained chiefly in that
part of science which is called trigonometry, or the properties of a triangle, which, when
applied to the study of the heavenly bodies, is called astronomy; when applied to direct the
course of a ship on the ocean, it is called navigation; when applied to the construction of
figures drawn by rule and compass, it is called geometry; when applied to the construction
of plans or edifices, it is called architecture; when applied to the measurement of any por-
tion of the surface of the earth, it is called land surveying. In fine, it is the soul of science;
it is an eternal truth; it contains the mathematical demonstration of which man speaks, and
the extent of its uses is unknown.

Indeed, triangles are so fundamental that when Rene Descartes (1596—1650)
sought to examine geometric truth, he used them as his prime example: “I saw very
well that if we suppose a triangle to be given, the three angles must certainly be
equal to two right angles.” (Descartes, 1637). He used triangles at great length in a
further discourse 4 years later: “When I imagine a triangle, I do not conceive it only
as a figure comprehended by three lines, but I also apprehend these three lines as
present by the power and inward vision of my mind, and this is what I call imagin-
ing” (Descartes, 1641).

The idea was taken up by another French philosopher, Nicolas Malebranche
(1638—1715): “If a Man should apply himself to consider the Properties of all the
diverse Kinds of Triangles, although he should eternally continue this sort of Study,
he would never want new and particular Idea’s” (Malebranche, 1674).

The constellation Triangulum was named for both the Greek accomplishments in
mathematics, and the triangular-shaped island of Sicily, from where the first asteroid
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was found. (See also the poem about Piazzi and Ceres by Ponta in Chap. 4.) Galileo
elucidated the link between philosophy, the study of the heavens and mathematics,
a link that was rejected by Georg Hegel in his infamous dissertation (examined later
in this series).

“Philosophy is written in this grand book the universe, which stands continually
open to our gaze. But the book cannot be understood unless one first learns to com-
prehend the language and to read the alphabet in which it is composed. It is written
in the language of mathematics, and its characters are triangles, circles, and other
geometric figures, without which it is humanly impossible to understand a single
word of it without these one wanders about in a dark labyrinth” (Galileo, 1618).

But before he imagined using the triangular-derived Platonic solids, Kepler
wrestled with other ideas, and while doing so planted the seed that led to the search
for the first asteroid.

Kepler’s Bold Hypothesis

Kepler himself seems to have had a prescient view of his work, the Mysterium
Cosmographicum, as he related in a letter to Michael Maestlin (1550-1631), a pro-
fessor of mathematics at the University of Tiibingen, on October 3, 1595: “If this is
published, others will perhaps make discoveries I might have reserved for myself.
The more others build on my work the happier I shall be” (Beck, 1937) (Fig. 1.3).

Before reading Kepler himself, let us set the scene with the words of the man
who discovered the first asteroid, Piazzi (1802a):

The first we can mention to have an idea about a planet between Mars and Jupiter was
Kepler’s thought as the father of modern astronomy. Living at the time of the Renaissance,
he was overwhelmed by the fascination, common at that time, of the ancient philosophy
made majestic by the names of Pythagoras and Ptolemy. He believed in the mysterious
property of numbers: he thought that in the multi-plicity of their relationship was the seed
of human knowledge “so I looked in their order and structure in the sky.” But being a great
genius more worthy of the title of divine than Ptolemy, submersed by the most absurd
extravagance of a dream of celestial harmony and by a myriad of combinations, he pointed
out an emptiness between Mars and Jupiter that could only be explained through a disso-
nance and lack of harmony. This dissonance was not felt by him about the other planets,
which combined in direct or inverse order to create a beautiful concert.

“When Kepler’s music of the spheres is played, it sounds most pleasant.”
(Ovenden, 1975). The cosmological theory propounded by Kepler explains the gaps
between the planetary orbits by the relationship between the five Platonic solids.
Kepler presented this system working inwards from the sphere of Saturn, so that he
alternately inscribed a regular polyhedron in a sphere and inscribed a sphere in a
regular polyhedron. Kepler himself wrote that the idea of using the Platonic solids
to explain the planetary orbits occurred to him on July 19, 1595. He believed that
these five polyhedra either described or determined some fundamental property of
the corporeal world. (Field, 1988; Cornford, 1937; Stephenson, 2000). This is how
Kepler (1595) expressed it in the preface to the Mysterium Cosmographicum:

It is my intention, reader, to show in this little book that the most great and good Creator, in
the creation of this moving universe, and the arrangement of the heavens, looked to those
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Fig. 1.3 The five Platonic solids (at right) and their relationship to the planets, according to
Kepler.



The Gap Between Mars and Jupiter 7

five regular solids, which have been so celebrated from the time of Pythagoras and Plato
down to our own, and that he fitted to the nature of those solids, the number of the heavens,
their proportions, and the law of their motions. There were three things in particular about
which I persistently sought the reasons why they were such and not otherwise: the number,
the size, and the motion of the circles.

That I dared so much was due to the splendid harmony of those things which are at rest,
the Sun, the fixed stars and the intermediate space, with God the Father, and the Son, and
the Holy Spirit. In the beginning I attacked the business by numbers, and considered
whether one circle was twice another; or three times, or four times, or whatever, and how
far any one was separated from another according to Copernicus. I wasted a great deal of
time on that toil, as if at a game, since no agreement appeared either in the proportions
themselves or in the differences. Since, then, this method was not a success, I tried an
approach by another way, of remarkable boldness. BETWEEN JUPITER AND MARS 1
PLACED A NEW PLANET [capitals added here], and also another between Venus and
Mercury, which were to be invisible perhaps on account of their tiny size, and I assigned
periodic times to them. For I thought that in this way I should produce some agreement
between the ratios, as the ratios between the pairs would be respectively reduced in the
direction of the Sun and increased in the direction of the fixed stars. Yet the interposition of
a single planet was not sufficient for the huge gap between Jupiter and Mars; for the ratio
of Jupiter to the new planet remained greater than that of Saturn to Jupiter; and on this
basis whatever ratio I obtained, in whatever way, yet there would be no end to the calcula-
tion, no definite tally of the moving circles, either in the direction of the fixed stars, until they
themselves were encountered, or at all in the direction of the Sun, because the division of
the space remaining after Mercury in this ratio would continue to infinity.

Most astronomers in the past century have discounted Kepler’s ideas as nothing
but mysticism and numerology. “Indeed, the subject is still felt to be slightly subver-
sive, enough to make a good solid astronomer uneasy: those who can swallow the
wildest flights of cosmological speculation choke over a spoonful of heavenly har-
mony!” (King-Hele, 1972, p. 376). According to Heward (1912), Kepler first postu-
lated the existence of an unseen world while assisting Tycho Brahe in preparing the
Rudolphine astronomical tables:

Tycho’s very exact observations of the places of the planets suggested to Kepler that
Jupiter was very much farther away from Mars than accorded with his sense of just pro-
portion of distances. All through his life Kepler had been dominated by a sense of analogy;
he believed with unwavering faith that unity of design was an ordinance of the Creator’s
plan. Hence he concluded that, though invisible to the eyes now, a large planet existed in
this region.

Unfortunately Kepler discarded the idea of a new planet in favor of the Platonic
solids. In concluding his preface, Kepler reassures his readers that “you will not find
any new and undiscovered planets interpolated, as I did a little while ago: I do not
favour that piece of audacity.” And there the matter rested.

The Gap Between Mars and Jupiter

A century passed before speculation was renewed about the gap between Mars and
Jupiter (Hoskin, 1993). The extent of the gap was quite apparent at the beginning of
the eighteenth century. William Whiston (1667-1752), Newton’s successor in
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Cambridge, gave the actual distances of the planets in millions of miles as 32, 59, 81,
123,424 and 777, the jump from 123 to 424 being readily apparent (Whiston, 1707).

Thomas Wright of Durham (1711-1786), writing a few years later in an
unpublished manuscript, paints a comet as the agent provacateur. “That comets
are capable of distroying (sic) such worlds as may chance to fall in their way, is,
from their vast magnitude, velocity, firey (sic) substance, not at all to be doubted,
and it is more than probable from the great and unoccupied distance betwixt ye
planet Mars and Jupiter some world may have met with such a final dissolution”
(Hoskin, 1968).

Around 1739, the famous Scottish mathematician Colin Maclaurin (1698-1746)
also became fascinated by the gap. James Ferguson, writing in 1809, noted that “By
comparing the great interval between the Orbits of Mars and Jupiter, it was surmised
upwards of 70 years ago, by Mr. Maclaurin and others, and lately by C. Lofft, Esq
that there must, at least, be one planet, whose orbit is exterior to that of Mars, and
interior to the Orbit of Jupiter” (Capel Loftt, English antiquarian, 1751-1824).

Zach’s Dream

In 1783 an historic meeting took place in London between a 29-year-old Hungarian
looking to make his mark on astronomy and an Englishman who just 2 years before
had made one of most startling discoveries of the eighteenth century. Among the
subjects under discussion between William Herschel, discoverer of the planet
Uranus, and the young Franz Xaver von Zach was the apparent vindication of
Bode’s Law by the discovery of Uranus, which fit neatly into its mathematical pro-
gression of planetary distances. In an age of dubious dental medicine, the discovery
of Uranus was put in perspective by the German physicist and philosopher Georg
Christof Lichtenberg (1742—1799): “To invent an infallible remedy against tooth-
ache, which would take it away in a moment, might be as valuable and more than to
discover a new planet.” During Zach’s visit to England, he found the papers of
Thomas Harriot (1560-1621), the astronomer who corresponded with Kepler
(Brosche, 2009). Following in the footsteps of Kepler, Zach also posited a new
planet between Mars and Jupiter.

Just 2 years after meeting Herschel, Zach (1785, p. 162) went so far as to predict
its orbital elements: distance from the Sun 2.82 AU; eccentricity 0.14; orbital period
4.74 years; inclination 1° 36’; heliocentric longitude of perihelion 192° 6’. He
deposited these data in sealed envelopes with Ernst II, the Duke of Gotha (Zach’s
patron), Hans Count von Bruhl (Zach’s mentor) and his astronomical colleagues
Johann Bode (editor of the Berlin Astronomical Yearbook and Director of Berlin
Observatory) and Johann Kgéhler (astronomer in Dresden):

Of the supposed planet between Mars and Jupiter [ will disclose to you my dreamings orally
as well, and show you the chimerical calculations I have been occupying myself with. My
fate may turn out to be that of the alchemists who are looking for gold—they have every-
thing except one thing. I also seem to have all the elements of the orbit of this yet unknown
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planet except one, that is the epoch of longitude; it’s quite amusing that among all these
errors and different mazes, one finds not gold, but a very useful chemical process.

Six months after the ‘new planet’ had been discovered, Zach (1801c) reviewed
the issue and Bode’s Law in a paper triumphantly entitled “Regarding a New pri-
mary planet of our Solar System long suspected between Mars and Jupiter and now
likely discovered.” The full paper is in a later volume of this series; here is an excerpt:

To represent this in an approximate way and with small numbers, the distance of
the Sun from Saturn is divided into 100 equal parts; it follows:

1. Mercury 4 such parts distant from the Sun
2. Venus 4+3=7

3. Earth 4+2-3=10

4. Mars 4+42-2-3=16

5. Hera or Juno 442.2-2-3=28

6. Jupiter 442.2-2-2.3=52

7. Saturn 4+2-2.2:2-2-3=100

8. Uranus 4+2.2.2.2.2-2-3=196

Or, expressed more simply, the nth planet calculated from the Sun is distanced
4 + (222 - 3) from it. The one represents the mean distance of the first planet by “a,”
the difference of distance between the first and second by “b,” the mean distance of
Earth from the Sun = 1; therefore, the mean distance of the nth planet from the Sun
is=a+(2"2-b).

This law is founded on no theory known to us; at least, no one has been able to
prove it mathematically, and it was concluded empirically out of analogous conclu-
sions. Mathematical astronomers do not accept something that cannot be mathemat-
ically proven. However great the possibility that the announced relationship of
planetary distances, at least an approximation of it, could occur in nature, there still
were astronomers who doubted the conclusion of this unproved law, and conse-
quently also doubted the existence of an invisible planet to be found supposedly
between Mars and Jupiter. Professor Bode made mention of this planet in his valu-
able textbooks and in all their numerous editions since 1772, but he speaks of its
existence as “suspected” and as an “analogy,” but not as a proven truth.

Reason, Harmony and Nature

“Who does not know that there is a most agreeable harmony among all truths of
nature, and a most sharp dissonance between false positions and true effects?”
(Galileo, 1615).

What were the philosophical underpinnings that compelled a small coterie of
astronomers to search for an unseen planet based on an unproven theory of universal
harmony? The foundation upon which it was based can be traced back to the oldest
monument of Greek prose, “On Nature” (Patrick, 1889) by Heraclitus (535-475 Bc),
who postulated an “opposite tension that keeps things together, like that of the string
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in the bow and the lyre, though it is a hidden attunement, is better than any open one.
For all his condemnation of Pythagoras, Heraclitus cannot get away from the tuned
string.” (Burnet, 1914, p. 62). He believed in the truth that much learning does not
teach men to think.

How to think, or reason, was the province of Descartes, whose treatise “Discourse
On The Method Of Rightly Conducting The Reason And Seeking For Truth In The
Sciences” was published in 1637. It set the stage for the Age of Reason (Lipking, 2014).

In the eighteenth century theorizing about the nature of reality was very much in
vogue. Consider some book titles: Contemplation of Nature (Bonnet, 1764), The
System of Nature (D’Holbach, 1770), Theory of Natural Philosophy (Boscovich,
1763), Rational Ideas about the Intentions of Natural Things (Wolff, 1724), Ideas
for a Philosophy of Nature (Schelling, 1797) and Philosophy of Natural History
(Smellie, 1790). The forerunner of it all was Newton’s Mathematical Principles of
Natural Philosophy (1687, third edition, 1726).

For the German philosopher Georg Hegel nature was a system of reason, and the
concept of the philosophy of nature “is nothing other than the comprehension of
nature.” (Hegel, 1817). His rejection of the Newtonian approach will be considered
in a later volume in this series.

The philosophical framework that allowed thinking people to put some credence
in Bode’s law was espoused in the Critique of Pure Reason by Kant (1787): “For
human reason, without being moved merely by the idle desire for extent and variety
of knowledge, proceeds impetuously, driven on by an inward need, to questions
such as cannot be answered by any empirical employment of reason, or by princi-
ples thence derived... Thus the critique of reason, in the end, necessarily leads to
scientific knowledge.”

Nothing could better encapsulate the motives—conscious or unconscious—of
those who sought scientific truth in Bode’s law. As Hegel wrote in the early nineteenth
century: “Reason is the highest union of consciousness and self—consciousness.
The knowing of Reason is therefore not the mere subjective certitude, but also
TRUTH, because Truth consists in the harmony, or rather unity, of certitude and
Being” (Hegel, 1808—1811/1844).

Here we come full circle. The search for scientific truth in nature, and the appli-
cation of reason to enable the search, leads to harmony. The harmony exemplified
by Bode’s Law.

Bode’s Law: Astronomical Alchemy

The origins and development of Bode’s law is a tangled mass of confusion that took
decades to unravel. There are five main players: Bonnet, Titius, Wolff, Lambert and
Bode. Even at the early date of 1801, when Zach was writing, the formulation of the
law of planetary distances was ascribed solely to Bode. But he was little more than
a vehicle for its popularity.
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Step #1: David Gregory’s Book

In 1702, while Savilian professor of astronomy at Oxford, David Gregory (1661—
1708) published a book in Latin, with an English translation appearing in 1715, and
a second edition in 1726. In this work, The Elements of Astronomy, he puts the
planetary distances into proportional numbers: “...supposing the distance of the
Earth from the Sun to be divided into ten equal Parts, of these the distance of
Mercury will be about four, of Venus seven, of Mars fifteen, of Jupiter fifty two, and
that of Saturn ninety five.”

Step #2: Christian Wolff’s Book

Christian Wolff (1679-1754) was professor of mathematics and philosophy at the
University of Marburg when he wrote his Rational Ideas about the Intentions of
Natural Things (also called German Physics) in 1726. In it he wrote about the pro-
gression of planetary distances. Indeed, he must have taken it from Gregory’s book,
as the numbers he used are exactly the same, and the same sentence is paraphrased
(Hoskin, 1993). But like Gregory he did not take the crucial step of formulating it
into mathematics, and thus he did not specifically note the gap between Mars and
Jupiter (Jaki 1972a, 1972b):

The planets that move around the Sun are located very far from one another. If one divides
the distance of the Earth from the Sun into 10 parts, the distance of Mercury takes 4 of it up,
that of Venus 7, that of Mars 15, that of Jupiter 52, that of Saturn 95. If one accordingly
imagines that the centres of all planets are in one line, which is drawn from the centre of the
Sun to the centre of Saturn, and the whole line is divided into 95 parts, then at the end of the
tenth is the Earth, at the end of the fifteenth is Mars, at the end of the fifty-second is Jupiter,
and finally at the end of the ninety-fifth is Saturn. Thus Mercury and Venus are separated by
3 parts, Venus and the Earth also by 3, the Earth and Mars by 5, Mars and Jupiter by 37,
Jupiter and Saturn by 43 parts (Fig. 1.4).

Step #3: Johann Lambert’s Book

The gap was first noted by Johann Lambert (1728-1777) in his 1761 book
Cosmological Letters Regarding the Constitution of Planets. Lambert was a German
mathematician who first demonstrated that pi is an irrational number. The unit of
light intensity is named after him, because he was the first to measure the intensity
of light. In his book Lambert (1761, p. 7) said “And who knows, whether or not
there are lacking planets which have progressed out of the wide space existing
between Mars and Jupiter.” To fill this space Lambert placed a primary planet
(Figs. 1.5 and 1.6).
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Fig. 1.4 Christian Wolff
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Fig. 1.5 Johann Lambert

Step #4: Charles Bonnet’s Book

As we shall see, Bode lifted the law that bears his name directly from the book
Contemplation of Nature (1764) by Charles Bonnet (1720-1793). Bonnet was a
Swiss naturalist who invented the idea of periodic catastrophes to explain how
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Fig. 1.6 The title page of Lambert’s 1761 book
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Fig. 1.7 Charles Bonnet

fossils exist of animals that are no longer found in nature. In this book, Bonnet
sought to prove the existence of an order and purposefulness inscribed into nature
by its Creator. Bonnet mentions that the telescope had increased the number of
known planets and satellites. In Chap. 1, he held out the hope that the “satellite of
Venus vaguely sighted in the last century, and seen again not long ago, augurs well
for new conquest for astronomy.” In the next sentence he said “Not only has it
reserved for modern astronomy to enrich our sky with new planets, it was also given
to it to roll back the frontiers of our vortex [planetary system].” For more about
Bonnet, see Dawson (1990) (Figs. 1.7 and 1.8).

Step #5: German Translation by Titius

In the German translation of Bonnet’s book, published in 1766, 22 lines were
inserted as a footnote between the two sentences just quoted. They were written
by Johann Daniel Titius (1729-1796), a Professor of Mathematics in Wittenberg.
It was in these lines that the law of planetary distances was first expounded:

Take notice of the distances of the planets from one another, and recognise that almost all
are separated from one another in a proportion which matches their bodily magnitudes.
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Fig. 1.8 Title page of the 1769 edition of Bonnet’s book

Divide the distance from the Sun to Saturn into 100 parts; then Mercury is separated by 4
such parts from the Sun, Venus by 4+3 =7 such parts, the Earth by 4+6=10, Mars
4+ 12 = 16. But notice that from Mars to Jupiter there comes a deviation from this so-exact
progression. From Mars there follows a space of 4 + 24 = 28 such parts, but so far no planet
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Fig. 1.9 Johann Titius

or satellite was sighted there. But should the Lord Architect have left that space empty? Not
at all. Let us therefore assume that this space without doubt belongs to the still-undiscovered
satellites of Mars; let us also add that perhaps Jupiter still has around itself some smaller
ones which have not been sighted yet by any telescope. Next to this for us still-unexplored
space there rises Jupiter’s sphere of influence at 4 +48 =52 parts; and that of Saturn at
4+ 96 = 100 parts. What a wonderful relation! (Johann Titius 1766, p. 13) (Fig. 1.9)

Step #6: Bode Uses Text by Titius

The second edition of Bonnet’s work by Titius is published in 1772. Bode adds a
reference to it in a footnote on pg. 462 to the second edition of his own work,
Introduction to the Knowledge of the Starry Heavens, also published in 1772. It was
this book that linked him with the expression that thus became known as Bode’s law
(Fig. 1.10).

Step #7: Bode Adds His Own Words

In the third edition of his book, Bode (1777, p. 635) added the following sentence
of his own: “That this chief planet between Mars and Jupiter must complete its revo-
lution around the Sun in 4} years can be computed from a law discovered by Kepler,
namely that the squares of the orbital periods of two planets are to one another as
are the cubes of their distances from the Sun.” The following year Bode published
another book, Terse Explanation of Astronomy and the Associated Sciences, that
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Fig. 1.10 Frontispiece of
Johann Bode’s 1772 book

dramatically expressed his firm belief in the progression. A diagram in Table X at
the end of the book included an R marking the place where a planet was supposed
to exist between Mars and Jupiter.

Step #8: Titius Attributes Law to Wolff

In the first discussion of the history of the law (Benzenberg, 1803), Titius is not
given credit with formulating it, because it “was nothing new, as Wolff already 40
years earlier had similar ideas.” This unfortunate state of affairs existed because
Titius himself refused to take credit for his discovery. In the fourth edition of
Bonnet’s book (1783, p. 14) Titius specifically credits Christian Wolff with noticing
the progression in 1726 (Step #2): “This relationship and the related considerations
which Herr Bonnet thought had first been observed by Herr Lambert had already
been recited by Freyherr von Wolff in his German Physics more than 40 years ear-
lier.” Titius also amplified the now famous footnote, describing the space between
Mars and Jupiter as one in which no planet or satellite had yet been sighted.
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Step #9: Bode Reveals Origins of Law

It was only in 1784 that Bode disclosed that the contents of his footnote were due to
Titius! He did so in a book (On the Newly Discovered Planet) about Uranus, which
fitted nicely into the progression formulated by Titius. (Jaki 1972a, 1972b) Let us
hear Bode (1802a) himself explain the law that bears his name. Here he writes after
the discovery of the first asteroid, Ceres, which he refers to as Piazzi’s star:

In the 2nd edition of my Introduction to the Knowledge of the Starry Heavens, published in
Hamburg in 1772, I speak thus (pg. 462) of the probable existence of a far greater number
of planets in our solar system beyond those we already know of. ‘Are the limits of the solar
system in effect limited to the point where we see Saturn? (Since 1781 we know of Uranus,
twice as far from the Sun as Saturn)...and why this considerable gap between Mars and
Jupiter, where heretofore one finds no planet? Is it not likely that in this space wanders one
of the celestial bodies to which the finger of God gave motion?’ This progression moves
forward only in small numbers, and consequently provides only approximate results; even
though it is an incontrovertible experiment, a fact which doesn’t need mathematical proof
nor a setting forth of its physical causes, and which was first of all confirmed by the discov-
ery of Uranus in 1781, and secondly most recently by that of Piazzi’s star. This law of
the progressive distance between the planets and the stars, evaded the famous Lambert.
He wrote me at Hamburg dated 3 February 1772: ‘Your noticing (pg. 462 in your work) of
the distance of the planets would have pleased Kepler, who wrote an entire book on this
question; it could lend a reason as to why the planets are distant from the Sun according to
a particular and simple law unrelated to their mass.” The question then appeared worthy of
notice in the view of this great man, which, in my view, is worth much more than the objec-
tions of a few modern astronomers. What would Lambert have said if he had seen the con-
firmation of this beautiful progression with the happy discovery of Uranus and Ceres? This
progression remains, so long as there is no intermediary planet found in the intervals of the
orbits of the 8 planets known to us. It conforms even more greatly to the experiment, accord-
ing to Prof. Wurm, if one takes 387 as the basis of the average distance between Mercury
and the Sun (distance from Sun=1000), and 293 as the difference at the distance from
Mercury and Venus (see Astronomical Ephemerides 1790, p. 168). I found in 1772 the first
idea of this remarkable progression in Contemplation of Nature by Bonnet, translated by
Titius, 2nd edition of 1772 in a note from the translator pg. 7 (Bonnet’s original does not
mention this), and since then I have frequently mentioned it in my astronomical work.

According to Jaki (1972a, 1972b) this claim by Bode is highly suspect. He
believes Bode used the first edition of Titius’ translation, 1766.

Step #10: Wurm’s Algebraic Formulation

The first to formulate Bode’s Law algebraically, as Bode mentioned in the quote
above, was the Reverend Johann F. Wurm, pastor of Gruibingen in Wurttemberg. It is
in this form that the law is recognized today. In a communication to Bode on February
27, 1787, Wurm gave the mean distance of the nth planet as the expression noted
above, where a =0.387 was the mean distance of Mercury from the Sun, and b=0.293
was an adjusted value of the Mercury-Venus distance, with the Earth-Sun distance
taken as unity. The adjusted value of b was a 12.8 % reduction in the true value.
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With the exception of the Venus-Sun distance the solar distances predicted by the
formula came within 3 % of the correct value. Wurm also speculated about a missing
planet (Wurm, 1786, 1787).

Step #11: Bode Accepts Wurm’s Figures

In the second edition of his book Terse Explanation of Astronomy (1793) Bode
reproduced Wurm’s table, but did not give his formula. Bode wrote that Wurm’s
figures agreed “almost exactly” with the actual distances of the planets. He attrib-
uted the fact that the planet remained undiscovered to its small size and low albedo.

The Celestial Police

The intellectual milieu had not only been established —it was becoming agitated.
Expectations of an unseen planet had been raised so high it would have been embar-
rassing to much of the astronomical community if nothing were found. Baron von
Zach, who was the first to begin searching for the unseen planet, galvanized the
astronomical community and took two momentous steps, beginning with the found-
ing of a journal in 1798, The Allgemeine Geographische Ephemeriden (AGE, or
General Geographical Ephemeris). (Herrmann 1969; Christoph, 2013, pp. 59-61)
In 1800 Zach turned over the journal to other editors and founded a less formal
journal, the Monatliche Correspondenz (Monthly Correspondence), which was des-
tined to publish nearly all the scientific results about the asteroids for more than a
decade. It was in fact the world’s first journal devoted entirely to astronomy. Lalande
described it as “the depot of astronomy for every part of Europe.” His second major
effort in 1798 was organizing the world’s first astronomical congress, held in Gotha
(Herrmann, 1970). In attendance that August were:

Joseph-Jerome Lalande (1732-1807. France’s most famous astronomer, who
arrived in Gotha with his niece on July 25.)

Johann Elert Bode (1747-1826. Director of Berlin Observatory from 1786 to 1825.)

Martinus van Marum (1750-1837. Director of the Teyler Museum in the Netherlands
and discoverer of carbon monoxide.)

Johann Friedrich Wurm (1760-1833. In 1800 he became a professor for both classi-
cal languages and mathematics at the grammar school in Blaubeuren, near Ulm.)

Johannes Feer (1763—1823. Zurich astronomer and engineer.)

Johann Kaspar Horner (1774-1834. Swiss astronomer, Zach’s assistant from 1798
to 1799.)

Johann Konrad Schaubach (1764-1849. In 1795, while principal at the secondary
school in Meiningen, he published an edition of Pseudo-Eratosthenes, a treasury
of Greek myths associated with the constellations.)
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Fig. 1.11 Seeberg
Observatory, around 1810

“They all lodged at my place at Seeberg,” wrote Zach in a letter to Professor von
Schedius on January 26, 1799. (Lajos Schedius, 1768—1847. A member of the
Academy of Sciences, the first Protestant to be appointed as a professor of Pest
University.) (Fig. 1.11)

Lodged in town were:

Georg Simon Kluegel (1739-1812. German mathematician from Halle, who intro-
duced the concept of the trigonometric function.)

Ludwig Wilhelm Gilbert (1769-1824. from Halle. He was editor of the Annals of
Physics, in which he published attacks on natural philosophy and appended criti-
cal notes to articles with a speculative tendency.)

Karl Philipp Heinrich Pistor (1778-1847. In 1810 he founded a workshop where
astronomical and other scientific instruments were manufactured; from Halle.)

Johann Gottfried Kohler (1745-1801. He was director of both the Kunstkammer
and the Mathematical-Physics Salon in Dresden.)

Johann Heinrich Seyffert (1751-1818. A horologist who succeeded Kéhler as direc-
tor of the Mathematical-Physics Salon in Dresden.)

Karl Felix von Seyffer (1762-1822. Professor of astronomy at Gdettingen
Observatory from 1789 to 1804.)

George Butler (1774-1853. A mathematical lecturer from Cambridge. He became
the Dean of Peterborough in 1842.)
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Fig. 1.12 A report on the Astronomical Congress, in the Gotha newspaper of July 31, 1798

For 10 days in August these illustrious men of science and mathematics dis-
cussed matters as diverse as mean time, the adoption of the metric system, the
demarcation of new constellations in the southern heavens, and the likelihood of a
missing planet between Mars and Jupiter (Bode, 1801c).

The congress got some notable press coverage, both in England and in Gotha.
The 7 August 1798 issue of The Times newspaper in London ran an incendiary
article about Lalande’s visit (the Directory was the government of France from 1795
to 1799): “The old Citizen Lalande, whom the Directory has sent to Gotha for the
purpose of making astronomical observations, is known to be a professed Atheist,
and a staunch Revolutionist. For aught we know, he may be charged with some
revolutionary attempts against Heaven” (Brosche, 2014, p. 48) (Fig. 1.12).

Even though the French in general were not popular in Germany, this did not
prevent the German astronomers from welcoming Lalande. “On the 9th of August
I reached Gotha,” wrote Bode, “where I had the pleasure of becoming personally
acquainted with the long celebrated and meritorious French astronomer Lalande
and his learned neice, and of embracing my worthy friend Von Zach.” (Bode,
1802c) A more sober assessment of Lalande, who features prominently in the
saga of the early work on Ceres, is that he “was by no means a revolutionist.” He
certainly enjoyed his notoriety at the event, however. “The object of the congress
was perhaps not unmixed with personal vanity” (Encyclopedia Britannica, 1842,
Vol. 13, p. 29).
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Energized by the congress, Zach now devoted himself to the hunt for the missing
planet. In 1799 he met with several astronomers, and concluded that a coordinated
effort was needed (Cunningham, 1988b). Thus was founded in 1800 the Vereinigten
Astronomischen Gesellschaft (VAG), consisting of six astronomers: Johann
Schroeter, Karl Harding, Wilhelm Olbers, Ferdinand Adolf von Ende (a senior
appellate official in the duchy of Brunswick-Luneberg), Johann Gildemeister
(1753-1837; senator of the government of Bremen) and Zach. Here are Zach’s own
words explaining the establishment of the group that became popularly known as
the Celestial Police (see Chap. 9 for the report issued by Johann Schroeter in 1805):

Six astronomers gathered in Lilienthal thus founding on September 21, 1800 an exclusive
society of 24 practical astronomers throughout Europe to systematically search for the
planet suspected between Mars and Jupiter. They elected Schroeter as their president,
and I [Zach] was granted the honour and trust to be nominated permanent secretary of
this astronomical society. The plan of this society was to divide the entire zodiac among
the 24 members.

These astronomers were: Johann Bode (Berlin), Joseph Buerg (Vienna), Thomas Bugge
(Copenhagen), J. C. Burckhardt (Paris), William Herschel (Slough), Johann Huth
(Frankfurt), Georg Kluegel (Halle), Dr. Koch (Danzig), Nevil Maskelyne (Greenwich),
Daniel Melanderhjelm (Stockholm), Pierre Mechain (Paris), Charles Messier (Paris),
Barnaba Oriani (Milan), Giuseppe Piazzi (Palermo), Friedrich Schubert (St. Petersburg),
Jan Sniadecki (Cracow), Jacques-Joseph Thulis (Marseille), Johann Wurm (Blaubeuren),
Ferdinand von Ende (Celle), Johann Gildemeister (Bremen), Karl Harding (Lilienthal),
Jons Svanberg (Uppsala), Wilhelm Olbers (Bremen), Johann Schroeter (Lilienthal), Franz
von Zach (Gotha).

Through a draw, each member received a zone of 15° in longitude and 7-8° in northern
and southern latitude for inspection, and each was entrusted with very watchful supervi-
sion. Each member was to draw up a very exact star chart including the smallest telescopic
stars of his section, and through repeated revisions was to ascertain the unchanging state
of his district or every wandering celestial body. Through such a strictly organised policing
of the heavens, divided into 24 sections, we hoped eventually to find a trace of this planet,
which had so long escaped our scrutiny, if it did exist and make itself seen. (Zach, 1801c)

In May 1801, Zach wrote a paper that was published in the June issue of the
Monthly Correspondence, in which he opined that the missing planet would be dis-
covered by one of the 24 putative members of the society:

Should the honour of the first discovery of this planet be denied our embryonic Society, not
only will the presumable discoverer of it rank among the members of our Society, the deliv-
ery of our invitations being hindered by the disquiet of war, of postal delivery and of ocean
travel, but this Society has already contributed much and will continue to amend our star
catalogues in future.

In fact he was correct, as Piazzi was one of the 24 people selected. We now know
that Piazzi himself never received an invitation directly from Zach to join the soci-
ety. Did he regard this as a snub, and thus decide not to send Zach his discovery data
in January 1801? The answer is clearly no. In his second monograph (see Chap. 7
in this book), he writes: “While so much zeal was animating Europe and parts of
Germany, I, far from the others and ignorant of the formation of the Society and of
the honor given me to be among the 24 astronomers, following only my very own
method of study, without meaning it, I found the much wanted Planet.” Piazzi
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obviously harbored no grudge against Zach, since he was not even aware of the
society or his election to it.

Setting out on a prolonged search for an invisible planet can only be compared
to some of the greatest adventures in history, like the quest for the Holy Grail.
“To those who have paid but little attention to the circumstances under which this
strange enterprise was undertaken, nothing can appear more wild and chimerical”
(Mitchell, 1851, p. 126).

So the die had been cast! Pure theorizing was to be replaced with some nitty-
gritty observing, and some of Europe’s best astronomers were pledged to the task.
Then fate intervened.



Chapter 2
The Discovery of Ceres

A New Era

The years 1790-1805 were a turbulent time in Europe, a time of huge shifts, with
events of historic proportions ranging from the French Revolution to the final col-
lapse of the Holy Roman Empire. “Here and now begins a new era in the history of
the world, and you can say you were there,” declared Johann Goethe (1749-1832;
quoted in Boyle, 2000). It was on October 21 in 1802 that Goethe met Hegel, whose
notorious role in the story of the asteroids will be related in a later volume of this
series.

In England, Prime Minister William Pitt resigned in 1801, as the high price of
wheat caused bread riots. Italy, too, was in turmoil. A riot in Rome led to French
occupation of the city in 1798. Pope Pius VI died in French captivity the following
year, marking a collapse of the Church’s central administration.

A collapse of a different kind occurred in Germany in 1801. In Munich a 15-year-
old who was buried in the rubble after the collapse of his house came out alive after
several hours. The escape was so remarkable that after his wounds healed the king
himself gave him money that he used to purchase a glass-cutting machine. The boy,
Joseph Fraunhofer (1787-1826), became a physicist whose work set the stage for
the development of spectroscopy. The Times, in its January 1, 1901, issue, listed the
greatest scientific achievement of the nineteenth century to have been the discovery,
by astronomers using spectroscopy, that the material composition of the stars was
the same as that of Earth. Spectroscopy was also used, in the twentieth century, to
determine the mineralogy of asteroids.

The year 1801 also saw Thomas Jefferson, president of the United States, deliver
his first inaugural address. The American civil engineer Robert Fulton produced the
first submarine, the Nautilis. A Concordat was reached on July 15 between Napoleon
and the new pope, Pius VII, defining the status of the Roman Catholic Church in
France. In the Peace of Luneville with France, the Emperor Francis II consented to
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the virtual dissolution of the Holy Roman Empire. On October 1, a truce was
declared between Britain and France. On the very day of the discovery of Ceres,
January 1, 1801, there was a legislative agreement uniting Great Britain (England
and Scotland) and Ireland under the name of the United Kingdom of Great Britain
and Ireland. This union was reaffirmed by the voters of Scotland in 2015.

The great British artist John Constable, only 25 years old, visited the Peak dis-
trict in England on a sketching expedition in 1801, and William Wordsworth was
busily writing some of his greatest poetry. The first English poem to mention a
vampire, Thalaba by Robert Southey, was published in 1801. More than a century
before Einstein, the great poet and philosopher Samuel Taylor Coleridge wrote to a
friend in 1801 that, working hard at metaphysics, he had “completely extricated the
notions of Time and Space.”

Novalis (Friedrich von Hardenberg), Germany’s purest Romantic, died in 1801
at the tender age of 28; in the same year a young man of 22 wrote to a friend that
“The voice of fame is murmuring in my ear. I dream of greatness.” That young man
became Sir Humphry Davy (1778-1829), the most famous chemist of the century
(Cunningham & Jardine, 1990). Imagine the intellectual confluence when Gauss
met Davy in Olbers’ home in Bremen in 1801!

In science, the year 1801 saw some notable events:

* Lalande published his Histoire céleste (Celestial History), a catalog of 47,390
stars.

* Bode published his Uranographia star atlas of 17,240 stars.

e The law of partial pressure was formulated by John Dalton (1766-1814).

* Davy worked on the electric arc.

* Andre del Rio (1764-1849) developed compounds of the element vanadium.

e Charles Hatchett (1765—-1847) isolated the element niobium in ores.

* A century before Einstein, the deflection of light by the Sun’s gravity was calcu-
lated by Johann van Soldner (1776-1883), using Newtonian physics.

» Ultraviolet radiation was discovered by Johann Ritter (1776-1810).

e Johann Blumenbach (1752-1840), the great paleontologist, published A Case
Study of the Archeology of the Earth. Goethe’s recent prediction that fossils would
be classified according to geological age came true in Blumenbach’s work.

The literary rage of 1801 was the romance Atala, by Frangois-René Chateaubriand
(1768-1848). It was one of the cult books of the age and had bewitched many read-
ing females into a sort of idolatry of the writer. Set in American Indian country, it is
a heart-rending story of love and death that must have made many ladies swoon.

Discovery by Piazzi and Cacciatore

“It is a night like any other, and yet different. All across Europe, and indeed
wherever people keep time by the Gregorian calendar, tonight will be celebrated
with special fervour. For this is the night when not only another year passes, but
another century passes: it is December 31, 1800 (Cunningham, 2001).
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The wine flowed freely throughout taverns and homes in Sicily last night; January
1, 1801 is definitely not the day for sober reflections on the past century, much less
the past year. The most important thing about today for a 54-year-old monk in
Palermo is the simple fact that it is going to be clear tonight. And tonight, like so
many before, he climbs the steps to his Ramsden Circle in the observatory at the top
of the royal palace to make a few more precious measurements for his great star
catalogue. Oblivious to the cold and the excesses of merriment of the last few hours,
he points his meridian telescope at the constellation Taurus and makes one of the
most important discoveries of the newly born century.

Giuseppe Piazzi was engrossed in updating a star catalogue by Francis Wollaston
(1789). Replete with inaccuracies, the catalogue had to be checked star by star, a
task Piazzi was performing with the 1.5-m vertical circle to determine star positions
(Chinnici, Fodera-Serio, & Brenni, 2001). This instrument, built in England by
Jesse Ramsden (1735-1800) was the finest astronomical circle in existence (see
Appendix A in this book). For any particular star, Piazzi could observe it for only
2 min a night as it passed through the meridian (Fig. 2.1).

At 8:43 p.m., local mean time, he was startled to see in Taurus a light which was
not in the catalogue: the veil which for so long had covered the unseen planet had
been lifted.

The next night, he found the star had shifted position about 4’ to the west and
slightly less to the north. He saw it again on 3 and 4 January, and continued following

Fig. 2.1 A painting of
Giuseppe Piazzi pointing
to Ceres, his discovery in
the sky. In the collection of
Palermo Observatory
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Fig. 2.2 Niccolo
Cacciatore (In the
collection of Palermo
Observatory)

its movement until 11 February. We are indebted to an English traveler, Captain
Basil Hall (1841), for a first-hand account of what actually happened. The story was
related to him by Piazzi’s assistant, Niccold Cacciatore (1780-1841), with the
moment of realization highlighted here in bold (Fig. 2.2):

Most people are aware that the celebrated astronomer Piazzi discovered the small planet
Ceres at Palermo in this very observatory, with an instrument of Ramsden’s which we had
the satisfaction of seeing. It was made on the 1st of January, 1801, at which period the pres-
ent astronomer, Cacciatore, was Piazzi’s assistant in the observatory of which he is now the
chief. As Piazzi was at that time engaged in making the noble catalogue of the stars, which
has since become so well known, he placed himself at the telescope, and observed the stars
as they passed the meridian, while Cacciatore wrote down the times, and the polar dis-
tances, as they were read off by his chief. Certain stars passed the wires, and were recorded
as usual on the 1st of January, 1801. On the next night, when the same part of the heavens
came under review, several of the stars observed the evening before were again looked at,
and their places recorded. Of these, however, there was one which did not fit the position
assigned to it on the previous night, either in right ascension, or in declination. “I think,”
said Piazzi to his companion, “you must, accidentally, have written down the time of that
star’s passage, and its distance from the pole, incorrectly.” “To this,” said Cacciatore, who
told me the story, “I made no reply, but took especial pains to set down the next evening’s
observations with great care. On the third night there again occurred a discordance, and
again a remark from Piazzi that an erroneous entry had probably been made by me of the
place of the star. I was rather piqued at this,” said Cacciatore, “and respectfully suggested
that possibly the error lay in the observation, not in the record. Under these circumstances,
and both parties being now fully awakened as to the importance of the result, we watched
for the transit of the disputed star with great anxiety on the fourth night. When lo, and
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behold! it was again wide of the place it had occupied in the heavens on the preceding and
all the other nights on which it had been observed. ‘Oh, oh!’ cried the delighted Piazzi, ‘we
have found a planet while we thought we were observing a fixed star; let us watch it more
attentively.”” The result soon confirmed this conjecture, and thus was made one of the most
interesting, and I may say useful, astronomical discoveries of modern times.

Piazzi’s own (sa