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Introduction

1 The Purpose of this Reader

Latin is traditionally taught through the study of a few Classical Ro-
man authors such as Cicero or Vergil. Yet, Latin has had a significant
influence extending far beyond the duration of the Roman Empire,
in large part due to its role as the main language of science from the
late Middle Ages to the 18th century. The number of Latin publi-
cations in this field and period dwarfs the number of Classical texts
that have survived into our time. This reader aims to familiarize stu-
dents with Latin scientific literature, thus providing Latin instructors
with an array of interesting material to complement more traditional
Classical texts and to help students better appreciate the significance
of Latin throughout history. After all, as readers will discover, the
sheer impact of scientific Latin works on modern scientific thought

and today’s technological world is unquestionable.

High school and college curricula can often impose unnatural di-
vides between the humanities and the sciences. This reader’s broad-
ening of the typical Latin corpus of pedagogical texts offers an in-
vitation to a whole new set of students, particularly those with an
affinity for STEM who might otherwise only take the bare mini-
mum of language classes required to graduate. This reader’s texts
are thus selected with the intent to bring together an academically
diverse class of students, with an eye towards instructors whose ex-
pertise may align more closely with the language than the scientific

content.

Even in areas of science that have since been extensively studied, it

is nevertheless important to revisit, if only on occasion, their histori-
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cal foundations. For instance, the appropriate way to translate New-
ton’s Latin formulation of his first law of motion has periodically re-
ignited debate, with news accounts of the discussion recently even
reaching Scientific American (Pappas, 2023). The history of science in
general thus demands interdisciplinary skills. They range from an
ability to read Latin or other relevant scientific languages, to knowl-
edge of scientific and mathematical theories (to understand what the
Latin is communicating), to a familiarity with the society and aca-
demic practices of the past. This reader hopes to give a taste of the
depth and breadth of this subject.

Since “science” itself is a time-dependent concept, this collection
includes scientific texts that modern readers might not immediately
recognize as such. Early scientists were more akin to philosophers
and, during most of history, scientists tended to be mathematicians
as well. This reader is centered on early modern science and math-
ematics (Copernicus, Kepler, Leibniz, Merian, Newton) comple-
mented with some Classical antecedents (Cicero, Lucretius), and im-
portant successors (Euler, Gauss, Peano). These texts seek to illus-
trate the transition from Classical Latin (e.g. Cicero, Lucretius) to
the subsequent scientific Latin while covering the whole time-span
between the rise of scientific Latin (e.g. Copernicus) and its decline

(e.g. Peano).

In order to bridge the gap between STEM-oriented students
and language-oriented teachers, this collection focuses on texts that
are historically significant and yet not too technical. No advanced
knowledge of science or mathematics is required, although optional
info boxes for about half of the authors in this reader do provide

additional historical or technical information for interested readers.
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(See the next two pages for a sample infobox tracing an interesting
interplay between scientific knowledge and Latin writing, set at the
height of the Scientific Revolution.) The chosen texts are sometimes
slightly off the beaten path, in some ways unusual, or even humorous
— a reminder that science has always been motivated by the spirit
of adventure and of play. There are also some recurring themes: the
search for a universal language, changes in worldview, first-of-a-
kind manuscripts, etc. To aid in the compilation of a preliminary
syllabus, we provide brief summaries of our excerpts and explana-
tions for their inclusion below. The author introductions preceding
each set of excerpts elaborate on them and situate the texts in the
wider context of the author’s life and the history of science. Some-
one interested in the sciences and mathematics is likely to be familiar
with most of the names in this reader, but probably not with our

slightly unorthodox and counter-canonical choice of texts.

Marcus Tullius Cicero (106 BCE - 43 BCE): In the first
excerpt, from the Tusculanae Disputationes, Cicero celebrates
his rediscovery of the tomb of Archimedes, an engaging story
that provides not only a direct connection back to the achieve-
ments of Ancient Greek mathematicians, which may other-
wise be obscured by our focus on works composed in Latin,
but also a window into the Romans’ opinions of their mathe-
matically talented neighbors. The second excerpt, from the De
Natiira Deorum, is 2 humorous and hyperbolic refutation of the
premise that the world, or God, is better than any other ob-
ject in every dimension, which foreshadows certain objections
to later ontological arguments by Anselm of Canterbury and

others.
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Sample Infobox: Galileo’s Anagrams & Kepler’s “Solutions”

From 1610 to 1613, Galileo Galilei observed with the aid of his
telescope what he would interpret as two important pieces of
evidence in support of the Copernican, heliocentric model over
competing geocentric ones: first, that Venus had phases like the
Moon, with its illuminated side periodically facing the Earth;
and second, that Saturn exhibited an almost oblate and ever-
changing form (which Christiaan Huygens would later explain
as an appearance produced by the varying orientation of Sat-
urn’s rings relative to the Earth). In the geocentric Ptolemaic
system, which was widely accepted at the time, Venus always
remains situated between the Sun and Earth, preventing it from
ever becoming full from the perspective of the Earth. Further-
more, the Aristotelian worldview that serves as the philosoph-
ical foundation for the Ptolemaic model assumes the perfection
of all superlunary celestial bodies, a perfection that manifests
in their regular orbits and their sphericity, which Saturn now
seemed to violate.

Having just released his Sidereus Nincius in 1610, Galileo
was unable to immediately incorporate these discoveries in an
upcoming publication, but he wanted to avoid contentious pri-
ority disputes in the future, of which there is no shortage in
the history of science and mathematics. Galileo’s solution was
to encode the announcements of his observations in anagrams
sent out to fellow astronomers, who, once he formally pub-
lished his claims and revealed the decryptions, would then have
to recognize him as the first to make these discoveries, even
if some other astronomer managed to publish them first. As
his first anagram, he scrambled the phrase altissimvm plane-
tam tergeminvm observavi (“1 observed the highest body” — i.e.
the last planet Saturn — “triform” — i.e. with a three-body
system that he later sketched as 0Oo) into smaismrmilmepoet-
alevmibvnenvgttavrias. Galileo’s second anagram was even more
ingenious, with the plain text Cynthiae ﬁgvms aemvlatvr mater
amorvm (“the mother of love emulates the shapes of Cynthia,”

4
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i.e., the personification of the Moon). Here, the encryption haec
immatvra a me iam frustra leguntvr o y (“these immature things are
now read by me in vain o y”) actually forms a comprehensible
Latin sentence, and one that cheekily mocks the efforts of his
reader to decode it. In August and December of 1610, Galileo
sent each of the two anagrams to Johannes Kepler, who used
some of his theological beliefs and astronomical studies to engi-
neer incorrect, yet surprisingly prescient decipherings (Marcus
and Findlen, 2019): Convinced that the number of moons pos-
sessed by the outer planets of the solar system should follow
a geometric series, Kepler suspected that Galileo determined
that Mars had two moons, in accordance with the Earth’s sin-
gle moon and Jupiter’s four known Galilean moons (Goehring,
1981). Therefore, he rearranged the given anagram into the
dactylic hexameter line salve vmbistinevm geminatvm Martia pro-
les (which can be translated as “greetings, twinned bystander,
progeny of Mars” if umbistineum is taken as a Germanism)
(Marcus and Findlen, 2019).

In his studies on the anima motrix, his early version of the
Newtonian gravitational force, Kepler theorized that a ce-
lestial body must rotate on an axis to generate the circular
guiding lines of force that would sustain the orbit of a satel-
lite (Goehring, 1981). Once again based on the existence of
Jupiter’s moons, he inferred that Galileo must have found evi-
dence for its revolution, perhaps in the form of moving mark-
ings on the planet — hence the solution nam Iovem gyrari macvla
hem rvfa testatvr (“hah, indeed it is attested through a red spot
that Jupiter rotates”), which Kepler admitted himself to be
clunky (Marcus and Findlen, 2019). Thus, Kepler managed
to correctly predict, albeit with incorrect reasoning, the dis-
covery of Jupiter’s Great Red Spot and of the moons of Mars,
Deimos and Phobos.

Many thanks to the Archimedes Laboratory Project web-
page for inspiring the research into these anagrams:

https://wuw.archimedes-lab.org/latin.html
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Titus Lucretius Carus (possibly 99 BCE - 55 BCE): This
collection’s excerpt of Lucretius’s De Rerum Natiira captures
the poet’s mastery of dactylic hexameters and his clear and per-
suasive ad absurdum argumentative structure. Students will also
relate to his description of the difficulties of translation (in his
case, of Greek philosophical terms into Latin). In the spirit
of the Ancient Greek philosophy of Epicureanism that he fol-
lowed, Lucretius also expresses a driving principle behind all
science, by warning against the dismissal of supposedly un-
explainable natural phenomena as the arbitrary and terrifying

acts of gods.

Nicolaus Copernicus (1473 CE - 1543 CE): The unassuming
title of the Commentariolus, “little commentary,” underplays the
historical significance of the work, as it contains Copernicus’s
first description of his heliocentric model, which would shat-
ter the prevailing Aristotelian worldview and eventually usher
in a new, much more mathematical one. This text precedes
his magnum opus Deé Revolitionibus Orbium Coelestium by over
three decades. In addition to laying out the axiomatic founda-
tions of heliocentrism, the introduction excerpted in this reader
references and critiques the ancient geocentric models of Eu-
doxus and Ptolemy, making it a fitting transition from the clas-

sical works above.

Johannes Kepler (1571 CE - 1630 CE): Kepler is well known
for his scientific accomplishments, but he also holds an impor-
tant place in the history of literature. His Somnium, excerpted
in this volume, is often recognized as the very first work of
science fiction. This dream about a voyage to the Moon high-
lights the satellite’s geography and astronomy from the per-

6
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spective of its fictional inhabitants. Despite the fantastical ele-
ments of witches and demons, the work is rigorously engaged
with the science of its day, as the many footnotes scattered
throughout attest. Our excerpt explains how humans could
endure a trip to the Moon; interspersed throughout are some
self-deprecating jokes regarding who should and should not
undertake such a demanding voyage, with philosophers being

too sedentary and Germans too gluttonous.

Gottfried Wilhelm Leibniz (1646 CE - 1716 CE): The De
Arte Combinatoria, Leibniz’s earliest published work, discusses
combinatorics' and, in the first of the two passages provided in
this reader, his ideas for a universal language or characteristica
universalis, which he would repeatedly revise throughout his
whole life. After rejecting the purely numerical approach
adopted by other mathematicians of his time, Leibniz suggests
that combinatorics can provide a practical — and computa-
tional — implementation of a universal language, where even
just a few symbols of basic meaning (akin to Egyptian or Chi-
nese pictographs) can be combined to express any conceivable
idea. The second half of our excerpt contains a definition of
factorials and a fun application of them to a classical problem:
How many times does a host need to distribute n guests across

n seats in order to have tried all possible seating arrangements?

Maria Sibylla Merian (1647 CE - 1717 CE): As a natural-
ist and entomologist, Merian studied the births and metamor-
phoses of insects at a time when the theory of spontaneous
generation remained quite widespread. Remarkably for a di-

vorced woman, Merian traveled alone with her daughter to

ombinatorics is an area of mathematics centered on counti e arrangements of objects
1Combinat n f mathemat ntered on counting th ngements of object
given certain restrictions.
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Suriname to study the region’s plant and insect life, collect-
ing the information she gathered into the book Metamorphasis
Insectorum Surinaménsium, which was published in both Dutch
and Latin. The first passage touches on the colonial backdrop
of modern science through its description of the flos pavonis
or peacock flower, which Merian states was often used by in-
digenous slaves to abort a pregnancy and spare their poten-
tial children from slavery. The second excerpt from the text
treats the interactions between the citrus plant, hummingbirds,
and different species of spiders and ants in a holistic way that
contrasts with the mechanistic philosophy of her contempo-
raries. In doing so, Merian’s work foreshadows the views of
19‘h—century biologists such as Alexander von Humboldt and
the modern concept of an “ecosystem.” The beauty of Merian’s
carefully composed and scientifically accurate illustrations can-

not be overstated, and several of them are reproduced here.

Isaac Newton (1643 CE - 1727 CE): Newton’s Philosophiae
Natiiralis Principia Mathématica may be the most famous scien-
tific work ever published in Latin. However, the familiar and
enlightening cannonball thought experiment included here,
which depicts the consistent nature of universal gravitation on
local and celestial scales, actually originates from a draft ver-
sion of the Principia Mathematica that Newton himself never
intended to release. This excerpt, accompanied by the mem-
orable diagram, serves as the conclusion to the astronomical

subtheme of this reader.

Leonhard Euler (1707 CE - 1783 CE): Among Euler’s many
advanced mathematical accomplishments, from number the-
ory to calculus, from music theory to engineering, his solu-

8
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tion to the Konigsberg bridge problem is a gem of simplicity
that merits a place in this reader for initiating the field now
known as graph theory. Euler’s proof that it is impossible to
cross all of the seven bridges surrounding two central islands
of Kénigsberg (of which only two have survived) exactly once
requires no prior knowledge of special notation, and the article
nicely generalizes the result to any arrangement of islands and
bridges, with the full proofs summarized in the commentary

for the sake of concision.

Carl Friedrich Gauss (1777 CE - 1855 CE): The Disquisitiones
Arithmeticae, authored by Gauss at the age of twenty-four, is
considered the first comprehensive work on number theory
and modular arithmetic (which studies the properties of re-
mainders of divisions) and is responsible for much of the nota-
tion presently employed in these areas of mathematics. The
excerpts from Gauss’s preface to the Disquisitiones highlight
Ancient Greek and contemporary 17%- and 18-century con-
tributions to what would now be classified as number theory,
with Gauss acknowledging the fact that he later found out
that many results in his book were actually independent re-
discoveries. For some accessible concrete mathematical results,
we include the first few paragraphs of the main body of the
Disquisitiones, where Gauss defines the notion of congruences

and proves the book’s first theorem.

Giuseppe Peano (1858 CE - 1932 CE): While our reader
opens with Classical Latin at its peak as embodied in the lan-
guage of Cicero, this final selection captures scenes of the twi-
light of Neo-Latin from Peano’s De Latino Sine Flexione. Here,
the mathematician devises a simplified version of Latin that

9
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preserves its vocabulary but strips it of all inflections (conjuga-
tions and declensions) so as to be immediately comprehensible
to any speaker of a Romance language. Guided by Leibniz’s
work on a charactéristica nniversalis, Peano intended his artifi-
cial language to be perfectly adapted to the needs of scientific,
mathematical, and philosophical discussions. A brief excerpt
from the companion article Principio de Permanentia demon-
strates the utility of the language in a debate on best practices

in mathematical notation, another major interest of Peano.

2 What is Science?

Science and mathematics, which form the basis for the selections
in this reader, enjoy a close symbiotic relationship, most clearly in
their modern forms: Mathematicians may imagine objects that are
initially interesting only from a theoretical perspective and yet even-
tually become invaluable parts of the repertoire of scientists. The
physicist Eugene Wigner has referred to this pipeline as the “un-
reasonable effectiveness of mathematics.” Imaginary numbers are a
particularly striking example of this phenomenon. They were first
conceived of in the 16™ century and were disparagingly named by
René Descartes after their supposed impossibility in the real world,
but have since proven themselves essential in understanding many of
the rather unintuitive aspects of 20‘h—century quantum mechanics.
Conversely, the needs of scientists often encourage novel develop-
ments in mathematics, as demonstrated by the invention of calculus
by the physicists Newton and Leibniz or the contributions to matrix
theory by the quantum physicist Werner Heisenberg.

10
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From a philosophical perspective, mathematics seems to quite
straightforwardly designate any field involving the definition of ob-
jects or derivation of truths from more elementary concepts. This
gradual constructive approach is arguably reflected in the etymology
of the term “mathematics,” which is derived from the Greek word
for “learning.” Admittedly, mathematics has entertained its fair share
of philosophical debates, mostly on its logical foundations and on the
reality of mathematical concepts. On the other hand, science (from
the Latin scientia, with the broad sense of “knowledge™) has posed
some of its greatest difficulties for philosophers at the basic level of
its definition. At first glance, it would seem reasonable to define an
area of research as “scientific” if it aims to provide explanations for
the workings of the universe, while also allowing for the possibil-
ity that those explanations will be proven false by new data, often
procured through experiments or fresh observations. This ultimate
deference to the data is one of the principles behind the notion of
falsifiability proposed by the 20%-century philosopher Karl Popper
(Popper, 2005). However, this perspective is not applicable to theo-
retical parts of science that are more or less detached from work in
the laboratory, and it may create a presentist bias, unfairly dismiss-
ing ancient or medieval non-experimental approaches to science that
were at the time deemed rigorous and testable and may be of interest

to historians.

The 20th—century philosopher of science Imre Lakatos pointed
out another problem with this understanding of science, namely the
fact that scientists can be reluctant to throw away long-standing the-

ories just because of a few new experimental findings. In response,

2“Scientist” as a word used to describe someone studying science is a relatively recent English
coinage, by William Whewell in 1833 upon the request of none other than the Romantic poet
S. T. Coleridge (Ross, 1962).

11
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he suggested instead that what qualifies as science evolves over time.
A theory’s status depends on its current ability to not only address
known natural phenomena, but also, more importantly, generate
new knowledge with the help of the techniques it offers as a uni-
fied toolkit or “programme.” A theory or programme as a whole is
“degenerating” — i.e. no longer “progressive” or productive — if it
must be continuously retrofitted to account for disagreeing results or
new theoretical arguments (Lakatos, 1978). Note that some compo-
nents of a theory, such as its methodology, may nevertheless remain
progressive in isolation and be reused. Ultimately, Lakatos’s frame-
work is more accepting of ancient scientific models and is aligned

with our selection of scientific texts in this reader.

Let us now briefly outline the development of science and math-
ematics in the areas sampled in the excerpts of this reader, with an
acknowledgment that our focus on Latin texts leads to an emphasis
on the Western tradition and the Classics-adjacent world. Through
communication and travels across the Mediterranean in both direc-
tions, the Ancient Babylonians and Egyptians, themselves known
for their extensive astronomical and architectural applications of al-
gebraic and trigonometric algorithms, helped influence (directly or
indirectly) early Ancient Greek mathematicians in the 6 century
BCE. Thales of Miletus in particular is often recognized as a key
initiator of the transition away from mythological explanations of
natural phenomena, found in, for instance, the Homeric epics, to
continuously revised and debated theories on the underpinnings of
nature (Lloyd, 1970). This Ancient Greek natural philosophy pro-
gressed alongside and in partnership with a methodological frame-
work for philosophy in general, namely logic. In the 4™ century
BCE, Aristotle formalized the study of logic in his Organon, partly

12
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with insight derived from the proof techniques by mathematicians,
and applied it to his epistemology and the extensive and internally
consistent natural philosophy (physics, cosmology, teleology, biol-
ogy, etc.) comprising what is now known as the Aristotelian world-
view. While not an experimentalist in the modern sense, Aristotle
did encourage an active observational approach previously employed
by historians and physicians, one that has been retained as an impor-
tant tool in biological research, where it may not always be ethical or
even possible to study phenomena in controlled, experimental set-
tings (Lloyd, 1970).

Mathematics also acquired a close connection to philosophy in
the Ancient Greek world beyond its significance for logic, as ex-
emplified by the Pythagoreans in the 6 century BCE. They were
a sect divided into the dxovopatixol, who “listened” and adhered
to the spiritual teachings of their founder Pythagoras, and the po-
Onuatixol, who “learned” from, and then were able to engage in,
his mathematical teachings. These two areas of focus intersected
through the belief that the universe was generated from the fun-
damental unit of “one” and that musical ratios and the harmony of
the planets echoed the divinity of the integers (Kahn, 2001). A
slightly less mystical expression of the ideality of mathematics in
metaphysics is due to Plato, who identified numbers and geomet-
ric shapes as being among the perfect forms that all real-life objects
attempt to imitate. This perception of mathematics had a particu-
larly lasting influence on astronomy, where planetary models were
supposed to not only predict the positions of the celestial bodies, but
also satisfy certain criteria for elegance, e.g. the presence of cir-
cular motions, that would complement the regularity of the heav-
ens. The problem of finding a proper balance between accuracy and

13
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elegance was called “saving the phenomena,” or, in Greek, o¢Zetv
& gouvopeva, which would eventually prompt Copernicus to pro-
pose his heliocentric model (Lloyd, 1970). In contrast to its influ-
ence on astronomy, mathematics was generally considered unsuit-
able for the realm of what were, at the time, considered imperfect
terrestrial phenomena, although important exceptions can be found
in, for instance, Aristotle’s rough quantitative descriptions of pro-
jectile motion, Archimedes’s mechanics (levers and buoyancy), and
Euclid’s geometric treatment of light. On the Roman side, Vitruvius
emphasized the importance of mathematical harmonies for archi-
tectural beauty and function in his De Architectiira, while Frontinus’s

Deé Aquaeductii features water-flow calculations.

Philosophical motivations behind Ancient Greek mathematics
did introduce a major limitation, the apparent incompatibility
of geometry and arithmetic, due to the fact that the existence of
irrational (or, more accurately, “incommensurable”) proportions
in geometry seemed to contradict the understanding of numbers
at the time. Mathematicians such as Eudoxus simply suggested
that arithmetic and its integral numbers should be kept separate
from geometry and its possibly irrational magnitudes, leading to
the need for geometrical representations of future mathematical
innovations such as algebra. Still, arithmetic continued to develop
independently among the more practical occupations of artisans and
merchants. In fact, a mercantile textbook by Fibonacci, the Liber
Abact, helped contribute to the popularization of Hindu-Arabic
numerals in Europe (Kline, 1990). Arithmetic was even designated
one of the four subjects to master for the study of philosophy in the
quadrivium outlined by the philosopher Boethius in the 6% century
CE, alongside geometry, astronomy, and music.

14
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Although the Middle Ages are not represented by the excerpts
in this reader, we do not mean to suggest that the period was sci-
entifically or mathematically barren. The notion of an intellectual
"Dark Age" following the fall of the Roman Empire is now largely
rejected by historians. Nor did the spread of Christianity militate
against the progress of science, to cite another mistaken view of the
period. The Catholic Church may have drawn attention away from
what they labeled as pagan studies such as natural philosophy,’® but
the chaos following the collapse of the Western Roman Empire was
likely more responsible for the loss of important works in Western
Europe. Indeed, science held on well within the (also Christian)
Byzantine Empire,* and was also embraced in the caliphates during
the Golden Age of Islam. Moreover, through the granting of some
of the first university charters, the Catholic Church helped establish
the university as a protective and collaborative institution for schol-
ars across Christian Europe and set the stage for the reintroduction
of philosophical works — particularly Aristotle’s — from the Islamic
world via Spain. Itis in these late medieval scholae that Scholasticism
emerged, an inherently dialectical and instructional tradition often
associated with the theologian Thomas Aquinas, in which schol-
ars attempted to resolve the conflicts between the arguments of au-
thorities ranging from Aristotle to the Bible in order to uncover a
unified truth suffusing them all (Ostler, 2007). Contrary to popu-
lar belief, the tenets of the Aristotelian worldview were not held as
dogmatic truths in the Middle Ages, even if the scientific language
used remained largely Aristotelian. John Buridan’s theory of impe-
tus (a precursor to the modern notion of momentum) or Nicholas

Oresme’s questioning of certain cosmological principles (e.g. the

3Along these lines, some authors even allege that interest in astronomy was preserved primarily
because of the field’s relevance in determining the date of Easter (Gizquez, 2016).
*Lazaris (2020) provides an extensive overview of Byzantine science.
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rotational immobility of the Earth) can be cited as examples (Grant,
1996).

In the latter half of the Renaissance, this state of science under-
went a significant transformation that, as should be expected in a sci-
entific discipline, did not occur without resistance or disagreements.
This reader includes excerpts from works by three of the major par-
ticipants in this movement, Copernicus, Kepler, and Newton. In
short, the Scientific Revolution sprouted from a debate on planetary
revolutions, with Copernicus devising and perfecting a heliocentric
model in order to address what he perceived as theoretical inadequa-
cies in previous geocentric systems. Kepler and Newton would then
supply an explanatory basis for the counterintuitive idea of a mov-
ing Earth, with insight from Galileo’s investigations into the nature
of movement.” As the grandeur of its name would suggest, the Sci-
entific Revolution is the epitome of a paradigm shift (as defined by
the 20-century philosopher of science Thomas Kuhn), where one
scientific worldview, with all its foundational beliefs and analytical
approaches, supersedes another. One major change was, of course,
the elevated role of the laboratory experiment, although it was not
the exclusive method of deduction. Indeed, Newton’s excerpt in this
reader describes the cannonball thought experiment that he used to
supplement his more formal mathematical reasoning, and this in turn
was preceded by Galileo’s combination of physical and thought ex-
periments in his dismantling of Aristotelianism.

5Galileo is also noteworthy for having shown that a vernacular language can be fit for com-
municating these groundbreaking mechanical results, although subsequent translations from
his Italian into Latin helped spread his works across the scientific community (Oosterhoff,
2014).
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Another major consequence of this revolution was the rejection
of the conceptual division between the terrestrial and celestial do-
mains (a rejection precipitated by Tycho Brahe through his metic-
ulous monitoring of an eponymous supernova [Mark, 2018]) and
the understanding that the Earth behaves according to the same
natural laws as other celestial bodies. With this unification came
the realization that the mathematical techniques used in astronomy
could be applied to other areas of study under common theoretical
frameworks, such as forces in the Newtonian science or corpuscles
in the Cartesian mechanistic philosophy. No longer feeling tied to
Aristotelian models, scientists also gradually recognized the diver-
sity of scientific subjects and the potential need for a unique kind of
methodology outside of physics. As elaborated in her introduction in
this reader, Merian is arguably a forerunner for this trend through
her fieldwork and illustration practices, especially at a time when
biology rarely strayed far from comprehensive natural philosophies.
More information on the classification of species, which would fore-
shadow Darwinian evolution, is provided in the next section in the

context of Latin as a language of science.’

Changes were also occurring at around the same time within
mathematics itself via the coalescence of geometry and algebra
thanks to the introduction of the Cartesian plane in La Géométrie”
by René Descartes, who built upon the geometric toolbox for
algebra developed by Al-Khwarizmi and other predecessors (Oost-
erhoff, 2014). As mathematics became more interconnected, it also

%See DeWitt (2018) for a more detailed introduction to the main stages of the Scientific Rev-
olution and relevant concepts in the philosophy of science.

7Strictly speaking, it first appeared across the four editions of the more extensive (and more
widely-read) Latin translation. In the French original, Descartes made do without a definite
perpendicular y-axis or ordinate (Burton, 2011).
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split into areas (beyond simply arithmetic or geometry) that each re-
quired a unique approach or set of base theorems. Examples include
calculus in the 17th century or number theory, finally recognized
as a field independent from arithmetic in the 19" century through
the contributions of Gauss, which are incorporated into this reader.
This expansion in turn demanded more abstract formulations and a
reconsideration of the foundations for mathematical truth. Indeed,
mathematics experienced its own sort of paradigm shift at the
beginning of the 19" century when it was confirmed that the
axioms underlying the Euclidean geometry, which had remained
largely untouched for millennia, were not necessary but could be
altered to produce new classes of geometries (Dahan-Dalmedico
and Peiffer, 1986). This period of intensive change in mathematics
extended past the turn of the 20% century, particularly in the study
of axiomatics, as touched upon in the introduction to Peano. In
contrast, following the establishment of James Clerk Maxwell’s
electromagnetic theory and Ludwig Boltzmann’s statistical thermo-
dynamics, many physicists regarded their field as mostly complete
by the end of the century. Yet, as remarked by Lord Kelvin in 1900,
two “very dense” clouds were already starting to brew that would
turn out to foreshadow the revolutions brought by special relativity
and quantum mechanics. However, their development lies beyond
the period of Latin as the language of science, the era of relevance

for this reader.
3 A Genealogy of the Language of Science

To complement this rudimentary history, we also trace the evolu-
tion and influence of scientific Latin over nearly two millennia, from
the 1" century BCE to the 19th century CE. Over this time, Latin
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became revered for the longevity and universality that it had ac-
quired through church and empire, so that, even after its “death,” it
was frequently viewed as an ideal language for international com-
munication (a recurring attitude across many of the excerpts of this
reader) in much the same way the Roman Empire would come to
serve as a model or baseline for transcontinental empires in the me-
dieval and modern ages. The most obvious proof of the legacy of
Latin is its omnipresence across the scientific registers of most mod-
ern European languages, including English, which has become at
present a sort of successor to Latin as the lingua franca of Western

academia.

However, to assume this position in the first place, Latin had to
overcome a (at the time) much more cemented language for science
in both popularity and useability, Ancient Greek. The historical
importance of Ancient Greek should come as no surprise to scien-
tists, who observe Greek roots in the names of the main subdivisions
of science (physics, chemistry, biology, etc.) or of the basic chem-
ical elements.® Since the Ancient Greeks developed the advanced
portions of their philosophy fairly independently from other tradi-
tions, they were able to evolve their thinking in accordance with the
advantages and limitations of their language and invent new termi-
nology following its syntactic rules if needed. Some philosophically
useful grammatical features of Greek include its more extensive set
of participles when compared to Latin, or its many constructions in-
volving definite and indefinite articles (corresponding to the English
“the” and “a/an”): On the one hand, the indefinite article in isolation

can refer to a given class of “things” at hand in a text of philosophy,

8Technically, names such as “hydrogen” or “oxygen” are French coinages constructed from
actual Greek borrowings. After all, modern chemistry is usually traced back to Antoine
Lavoisier, who wrote primarily in French (Korenjak, 2023).
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without the need for disruptive specifications; on the other hand, the
definite article permits any adjective or verb to be transformed into
a noun encapsulating an abstract state of being, quality, or process
(Powell, 1999). Thanks to the Greek language’s long connection to
erudition or simply out of convenience, Roman thinkers with var-
ied backgrounds preferred writing in Greek. They include Roman
citizens who were native speakers of Greek (e.g. the astronomer
Ptolemy, the historian Plutarch, and even the physician Galen, who
practiced in Rome) and Roman elites who were tutored in Greek
as an expected second language (from the historian Quintus Fabius
Pictor to the philosopher-emperor Marcus Aurelius). More gener-
ally, Greek persisted as the language for the inhabitants and admin-
istrators of the eastern portion of the Roman Empire (Ostler, 2007).

Notably, Ancient Greek had a more significant impact on the de-
velopment of Latin as a technical language in oratory, grammar, and
philosophy than the other way around (except in law) (Roelli, 2021).
Here it should be noted that the theoretical component of Greek sci-
ence prioritized in our timeline above was not able to rival the appeal
of practical applications such as medicine or architecture among the
Romans, in which they were extremely skilled. The Romans, the pa-
triotic Cicero included, adopted and transliterated many specialized
Greek terms such as philosophia freely or even inserted entire Greek
phrases in their personal writings. However, people intending to
publish philosophy in Latin, especially this reader’s two represen-
tatives of the classical era, Cicero and Lucretius, often had exter-
nal motivations for their choice of language and their adherence to
purisms, and reflected directly on the challenges they experienced as
a result. Cicero believed that Latin had just as much as potential as

Greek to become an analytical language, with him referencing ex-
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amples of Latin words possessing greater specificity than their Greek
counterparts, e.g. vultus, labor, and dolor (Powell, 1999). As an ora-
tor, he valued clarity (Roelli, 2021) and practiced paraphrastic trans-
lation, with a frequent use of near-synonyms to either narrow in on
the desired meaning, account for a Greek word’s generality (Powell,
1999), or simply explicate an author’s intent (Hendrickson, 2020).
Cicero is also notable for his Latin neologisms paralleling existing
Greek words in surface etymology, the examples most recogniz-
able to a modern reader being qualitas for mowétnc (lit. “how-much-
ness”), essentia for ovota (“be-ing”), or comprehensibilis for xortohnnrog
(“graspable,” from a Stoic analogy between the mind and a closing
fist). Lucretius employed similar practices in his Dé Rerum Natiira
within the context of poetic conventions: For instance, a set of Latin
analogues to a single Greek word could be tied together with visual
metaphors to more fully capture the original concept, while pro-
viding the literary flourishes demanded in poetry. In this way, the
poet worked around the self-perceived “poverty of [his] language”
(egestatem linguae) within the boundaries of the Latin epic genre,
which has been interpreted as an effort by Lucretius to distance the
philosophy he wants to defend from its Greek origins (Sedley, 1999).

While Classical authors could presume a familiarity with Greek
among their educated audience if they needed to borrow new words,
this basic knowledge of Greek and hence Greek thinking was grad-
ually lost in Late Antiquity. The philosopher Boethius and the arch-
bishop Isidore of Seville attempted to counteract this loss of knowl-
edge by penning encyclopedic works in Latin. Their writing styles
seem almost opposite in approach: Boethius favored literal transla-
tion into Latin to keep the logical structure of the original works

intact, while Isidore famously utilized simple grammar in his exten-
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sive Etymologiae, albeit with some technical or vernacular vocabu-
lary used throughout (Roelli, 2021). As discussed earlier, towards
the middle of the Middle Ages, Arabic treatises entered Europe and
encouraged a new round of intensive translation into Latin, with
scholars such as Adelard of Bath resorting to transliterations and
calques from Arabic much more liberally than Cicero or Lucretius
would maybe have liked (Ostler, 2007). Many of these loanwords,
e.g. algebra, algorithm, alchemy, and alcohol, are recognizable due
to the prefix al-, the Arabic article, which arguably carries just as
much versatility as its Greek counterpart (for example, it can be ap-
pended to participles to describe actions in the abstract, as can be
done in contemporary English). Scholastic thinkers took advantage
of grammatical features that had become more widespread in Late
and Medieval Latin in order to break up and organize their premises,
logical relations, and descriptions of natural processes: the use of
quod with an indicative to clearly demarcate an indirect statement
(as opposed to a more formal accusative-infinitive construction); the
increased frequency of prepositions to distinguish between case us-
ages (e.g. per for what would in Classical Latin commonly be an
ablative of means); and an extension of the passive to express the
reflexive middle voice (e.g. “he raises himself”) or any action with-
out a clear agent.” Moreover, the Scholastics actively invented new
words to accommodate constructions previously exclusive to Greek
and Arabic. Indeed, they adopted éns, the present participle end-
ing of verbs, as a makeshift present participle for esse to capture the
idea of a “being/thing” (the analogue in Greek, the participle end-
ing &v, functioned as not just a noun but also a participle). Similarly,

ly (from the French le) was chosen as a Latin article to introduce a

°A useful piece of advice for a student memorizing deponent verbs is that they tend to have
an implicit reflexive, middle sense. Classical poetry also often employed the passive for the
middle voice in imitation of Greek.
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word or phrase as an object of study in itself (Ostler, 2007).!° Note
that, during the late medieval period, when the vernacular languages
gradually matured through specialized orthography and even their
own literary genres and traditions (e.g. the chivalric romance of
the Romance languages), people also started to communicate ancient
scientific thinking using their native languages.!!

In another important transition, the Renaissance would trigger,
not necessarily a “rebirth,” but a “reset” for the Latin language in the
form of humanism, an intellectual movement in part sparked by the
arrival of Greek scholars from the collapsing Byzantine Empire. The
resulting reintroduction of primary source Greek manuscripts that
were thought to have been lost (notably Plato’s corpus) helped rein-
state Greek as a key language for reading. Through an increased un-
derstanding of classical Roman works, the humanists also cemented
ancient Latin, particularly Ciceronian Latin and its lowery and per-
suasive oratory, as the Latin style to be imitated in writing (Ostler,
2007). In contrast, they denounced the dry rigor of the Scholastics,
their supposed interest in meaningless questions (‘How many angels
can stand on a pinhead?”), and their deviations from Classical Latin,
mocking their blatant violation of perceived Latin rules in the con-
struction of vocabulary. Although leading scientists emerging from
this period of humanism may have espoused some of these views,
in practice they upheld many features of Scholastic Latin that were
conducive to their purposes (Roelli, 2021). Moreover, the spread of
humanism was non-uniform: At its height in Italy during the early

16t century, humanism was only gradually gaining a foothold in

10See Mantello and Rigg (1996) for a fairly comprehensive treatment of Medieval Latin vo-
cabulary and grammar.

"Goyens et al. (2008) contains a variety of chapters on individual medieval translations into
vernacular languages like English or French.
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northern European institutions, possibly explaining the presence of
what could be considered scholastic literary habits in Copernicus’s
earlier writings that would become less conspicuous in his major
publication, the Dé Revoliitionibus (Borski and Kokowski, 2021).

Humanism did have its own fair share of positive consequences
on the development of science. Not only did scientists and human-
ists routinely engage with each others’ fields (Blair, 1999), with Latin
eloquence taught alongside the classical quadrivium, but the human-
ist and scientific approaches to translation were frequently seen as
mutually beneficial, with the former paying attention to the proper
phrasing of definitions and the latter detecting mistakes in lines of
reasoning (Oosterhoff, 2014). The diversification of the pool of clas-
sical sources of authority through the efforts of humanists may have
also made scholars in the Scientific Revolution more comfortable
with the idea of challenging Aristotle (Cochrane, 1976), as others
in antiquity had done, and as Copernicus would do in the excerpt
included in this reader.

While the Latin following the rise of humanism, now usually
labeled as Neo-Latin, exhibits few major grammatical differences
from Classical Latin, every individual naturally developed their own
unique style, likely correlated with their area of study: As a pair of
examples drawn from the authors in this reader, Leibniz’s prose has
been classified as leaning more towards scholasticism, which should
be expected given his inquiries into the philosophy of being, whereas
the style of Newton’s Principia Mathématica, full of propositions and
diagrams, was influenced by the concision found in translations of
Euclid (Roelli, 2021). More generally, just like modern scientific En-

glish, scientific Latin often follows a straightforward sentence struc-
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ture, especially thanks to textual innovations such as section divisions
and punctuation (Korenjak, 2023). An insightful primary-source
case study is a letter by Gauss, who published and even wrote diary
entries in Latin and was an eager emulator of Classical Latin: Reflect-
ing on the overuse of what would in Classical Latin be described as
future-less-vivid conditional constructions, he admits “that st with
the subjunctive is not good Latin; but modern mathematicians seem
to have made for themselves the rule of constantly using the subjunc-
tive in hypotheses and definitions.”'? Indeed, the subjunctive is quite
common in any situation where hypotheticality and, by extension,
generality is implied; hence, sit sets up the definition of variables
in much the same way as the English “let.” In our excerpts, read-
ers familiar with modern scientific and mathematical writing will
also immediately recognize the use of the impersonal passive or the
first-person plural (pliiralis modestiae) in cases where the agent is ir-

relevant, such as in proofs.

Likewise, after the Renaissance, Latin terms in physics and
mathematics often retain meanings close to or analogous with their
Classical or Late Latin originals (Korenjak, 2023), as exemplified
by Leibniz’s differentialis, Bernoulli’s integralis, and even Newton’s
counterparts of flixio and fluens. (To see firsthand the creation
of such terminology pulled from Classical Latin, consult Gauss’s
definition of modular arithmetic in this reader.) Some interesting
exceptions include logarithmus, which the mathematician John
Napier constructed from the Greek Aéyoc, “ratio,” and dplduoc,
“number,” due to the function’s role in reducing division to sub-

traction; or spectrum, previously used by Cicero as a calque of the

12This translation of Gauss’s letter is taken from Dunnington (1955).
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Greek eldwhov (Sedley, 1999) and ultimately revitalized by Newton
in English in his studies on light.

Areas devoted to large-scale classification, whether of substances
in chemistry or species in biology, were much more active in this
expansion of vocabulary, from a desire for international compre-
hensibility and consistency (Berrens, 2025), which are essential to
the scientific principles of reproducibility and verifiability.!® Bi-
ologists had to tackle an ever-increasing class of newly discovered
species, especially in the New World (e.g. our excerpt of Merian
features Guaiava for “guava” and Colobritgens for “hummingbird,”
both derived from Native American languages), or needed to revisit
known species possessing a vernacular name, but no Latin equiva-
lent (e.g. Leonhart Fuchs repurposed the classical Digitalis to mimic
the German name for a foxglove, “Fingerhut” [Berrens, 2025]). In
the 18th century, Carl Linnaeus would finally formulate a consistent
naming scheme for all species, grounded in Latin — his system in
botany even incorporated a dash of Latin grammar via a brief abla-
tive of description (Ostler, 2007). Just as scientists writing in Latin
were open to inserting Greek phrases whenever appropriate (as seen
in this reader’s selections for Kepler and Leibniz), Linnaeus readily
adopted, transliterated, and combined Greek words in his scientific
names, although he insisted that they should not depend on vernac-
ular languages (Berrens, 2025). Latin holds on to the present day
in taxonomy and binomial nomenclature as a shared reference point

for all biologists.

BIndeed, in the aftermath of humanism, early modern naturalists often referenced as a sort
of cautionary tale the many debates regarding the identity of species described by ancient
authors to justify a new and, hopefully, more reliable terminology (Berrens, 2025).
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Finally, it should be noted that, in the history of science and phi-
losophy, there were many attempts at developing a universal lan-
guage adapted to not just scientific communication, but the pro-
cess of reasoning itself — for more information, see the introduc-
tions to Leibniz and Peano’s excerpts in this reader. These visions
did not quite materialize, and Latin itself declined in usage by the
19th century. Indeed, throughout the modern period, the vernac-
ular languages accrued greater authority in scientific matters, and
nearly every figure in this reader published in at least one language
other than Latin: Leibniz wrote in French and German (contribut-
ing to the latter’s role as a language of thought [Roelli, 2021]),
Merian in German and Dutch, Newton in English, Euler in French
and German, Gauss in German and occasionally French, and Peano
in Italian. With some exceptions like German, much of the ver-
nacular technical vocabulary was directly taken and morphologi-
cally standardized from Latin, with some translations of Latin works
even providing glossaries furnished with explicit definitions for the
effectively untranslated Latin borrowings (Waquet, 2023). Gauss’s
Disquisitiones Arithmeticae from 1801 is often cited as the last signif-
icant mathematical treatise written in Latin (Ostler, 2007), but this
factoid overlooks the continual influence of Latin in the minds of
the members of the scientific and mathematical community for the
rest of the century, even beyond the tradition of assigning Latin ti-
tles to non-Latin works. As late as 1861, the German mathematician
Bernhard Riemann wrote his entry for a prize category created by
the French Academy of Sciences in Latin to compensate for his in-
experience in French. Students may relate to the fact that Riemann
submitted his paper right at the deadline. While this paper did not
win the prize, it would nevertheless pave the way for his contribu-
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tions to differential geometry, a core element of special and general
relativity (Farwell and Knee, 1990).

4 About this Edition

The corpus of Cicero and the epic poem by Lucretius have been un-
der the purview of Classical scholars for centuries and have received
a fair share of critical editions and republications. Accordingly, we
have decided to base our text for the Tusculanae Disputationes, De
Natiira Deorum, and Dé Rerum Natiira on existing critical editions,
namely the Teubner editions for Cicero and W. E. Leonard and S.
B. Smith’s edition for Lucretius. We modify punctuation and capi-
talization, which the authors themselves would not have employed,
whenever we believe that the change would help clarify sentence
structure to a user of this reader. We base most of the post-Classical
works on their first published editions that are provided by the In-
ternet Archive or Google Books. The only notable exception is
Copernicus, whose Commentariolus has already been transcribed in
the fourth volume of the Nicolaus Copernicus Gesamtausgabe. The
work also provides a collation of variants across the three known
manuscript copies of the Commentariolus, which are available in the
fourth volume of Nicolaus Copernicus Complete Works. (All works are
cited in full in the author’s respective chapter.) We have preserved
most of the punctuation present in these early modern texts, un-
less doing so would lead to unnecessary confusion. A Neo-Latin
punctuation convention adopted by Kepler in his Somnium merits
some explanation: The modern usage of colons and semicolons is
a narrowing of their original purpose to indicate varying lengths
of pauses in sentences alongside commas and periods; the hierarchy

consists of commas for the shortest pauses (where conjunctions are
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still required to join independent clauses), semicolons, colons, and
periods for the longest. With this background information in mind,
amodern reader can more easily follow this reader’s excerpt for Ke-
pler and is further assisted by the removal of a couple of commas in
seemingly unnatural and interruptive locations. Any differences in
readings from our source texts are listed at the end of each author
introduction, with the reading in the source text on the left and our
reading on the right.

Another orthographical decision that needs to be briefly justified
is the addition of macrons. Their pedagogical role is to help stu-
dents read Latin aloud and internalize its vocabulary like a living lan-
guage, following its reconstructed ancient pronunciation, and hence
macrons are appropriate in Classical works even if they are a post-
Classical invention like punctuation. Moreover, in the case of Lu-
cretius, macrons aid in scansion by indicating which vowels are long
by nature. In contrast, the standard pronunciation of early modern
Latin was not only non-Classical, but dependent on the nation of the
speaker. Nevertheless, the humanists, with their mission of restoring
Classical styles of writing, would likely have encouraged the use of
macrons had they been aware of ancient pronunciation conventions.
Finally, Peano’s Lafino Sine Flexione may not be actual Latin, but he
envisioned it as both a written and spoken language, actively recom-
mending specific pronunciation for certain sounds (primarily when
they deviate from the standards of his mother tongue, Italian). Peano
makes no note of vowel length, but we include macrons as consis-
tent with his belief that “the better model” for pronunciation “is the
ancient one” (Forma meliora es antiquo).'* Most importantly for a

student reader, macrons are also practical for distinguishing easily

14See the section titled § 7. — Proniintia dé Latiné. in Peano (1903).
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misidentified inflections (e.g. the feminine ablative from the nomi-
native). The source texts for Copernicus, Kepler, Leibniz, Merian,
and Newton make use of a Neo-Latin solution to this problem, the
accent system, where acute, grave, and circumflex accents help dis-
tinguish between words that are written identically but represent
different parts of speech or different cases. Only rarely do the accents
have bearing on pronunciation. We have replaced these diacritical
marks with macrons for the sake of consistency. Note that we add
macrons to post-Classical vocabulary only where predictable, e.g.
in known prefixes or suffixes, or inferable from a word’s Greek or

Arabic roots.

We also provide on-page vocabulary for the convenience of stu-
dents, so that they do not have to interrupt their reading to consult a
dictionary that, due to this reader’s focus on Neo-Latin works, may
not even contain the word they are searching for! They can then al-
locate that time to reading more Latin, deepening their understand-
ing of the language and supporting their growth as Latin scholars
and modern participants in this international and intergenerational
scientific conversation. To avoid clutter, we relegate the most com-
mon Latin words to a glossary at the end of the reader, as a student
more likely than not already knows their meaning. Any specialized
or non-Classical definitions of basic words are still supplied in the
on-page vocabulary. Although we have used the DCC Latin Core
Vocabulary as a point of reference, we have not defined a specific
threshold for inclusion in the back glossary, because the DCC list is
not tailored to the vocabulary of scientific literature. The vocabulary

words are also arranged in the order that they appear in the text.
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Our on-page commentary helps to dissect potentially confusing
Latin phrases or clauses. Furthermore, since our target audience
may not be familiar with an author’s references to other texts or the
scientific or historical context behind a certain statement, we have
made sure to provide this line-specific information in the commen-
tary while heeding space restrictions. Sometimes this task is under-
taken by the infoboxes when short commentary notes may not be

sufficient.

Finally, we note some miscellaneous editorial decisions: When-
ever we have to split particularly lengthy sentences across two pages
or exclude text in between excerpts, we clearly indicate this division
or omission. For the most part, we also keep the spelling conventions
of our authors and their time periods, equating them with their Clas-
sical Latin counterparts in the vocabulary (e.g. quum for cum, only
when used as a conjunction). The main exception is the conversion
of j’s into consonantal i’s, the odd vocalic v into u, and the long ’s
into simply s’s.
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Abbreviations

abl.: ablative indic.: indicative

acc.: accusative inf.: infinitive

adj.: adjective lit.: literally

adv.: adverb m.: masculine

cf.: compare to (confer) PAP: present active participle
dat.: dative pass.: passive

f.: feminine pl.: plural

gen.: genitive PPP: perfect passive participle
impers.: impersonal prep.: preposition

impf.: imperfect =: continued on next page

indecl.: indeclinable
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Chapter 1 — Cicero: Tusculanae Disputationes &
De Natura Deorum
Marcus Tullius Cicero (106 BCE - 43 BCE) may seem to be a sur-
prising choice for the first author in this reader. After all, he is best
known, not as a scientist, but as an eloquent orator and consul who
tried to “preserve” the Roman Republic in its final years. Although
Cicero doesn’t have a scientific or mathematical text under his name
(excerpt perhaps a portion of his In Verrem speeches exposing the
corruption of the governor Gaius Verres, in which he uses detailed
financial calculations to project an air of rigor and certainty [Cioff,
2011]), he did translate some early scientific Greek works,! in addi-
tion to authoring multiple philosophical treatises of his own. Indeed,
Cicero adhered to the school of Academic Skepticism, which he en-
countered in the works of the 2"-century BCE Greek philosopher
Clitomachus: Skeptics believed that logic cannot prove any state-
ment to be absolutely true or false (“the problem of the criterion”),
thereby forcing them to assume énoyn or a “suspension of judg-
ment.” In his works, Cicero criticized other schools for accepting
their main tenets without scrutiny and he instead tried to carefully
judge their persuasiveness (but not necessarily their verity) (Vogt,
2022). The role (and intensity) of skepticism may have evolved over
the millennia, but it still forms an essential element of modern sci-

ence.

As an example of the Academic Skeptic’s approach, in Book V of
the Tusculanae Disputationes, Cicero evaluates and ultimately defends
the Stoic principle that virtue is sufficient for happiness, notably by
comparing the lives of historical figures in pairs. The turpid tyrant

]Among Cicero’s translations are Aratus’s Phaenomena, a non-technical poem on astronomical
and meteorological phenomena, and at least part of Plato’s Timacus, a philosophical dialogue
on the creation of the world.
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Dionysius I of Syracuse and the modest mathematician Archimedes
are one such pair of exempla. Before exalting his restoration of
Archimedes’s tomb, the focus of the first excerpt, Cicero first dis-
cusses the life of Dionysius in part in the context of the well-known
parable of the Sword of Damocles: Damocles believed that the life
of a king was happy and idyllic, but in order to prove the contrary,
Dionysius offered to make him king for a day; he set up a sword
hanging above the throne by a thin thread to represent the constant
dangers of plots and betrayals from the enemies Dionysius had made
during his tyrannical rise to power. Despite describing Dionysius’s
life in great detail for ten pages, Cicero hardly devotes a page to his
moral counterpart, the mathematician Archimedes from the same
city (Jaeger, 2002). Since Cicero glosses over the life of the subject
of his appraisals, let us also briefly mention some of Archimedes’s
achievements.

In geometry, Archimedes is credited with the method of exhaus-
tion, a way to calculate 7 by approximating the circumference of a
circle with the perimeter of polygons with an increasing number of
sides. He also determined the volume and surface area of a sphere
(see the commentary below for the proof) and the area contained
within a parabola and a straight line. In physics, he first stated the
law of the lever and the principle of buoyancy named after him,
which he is said to have discovered while in a bath before exclaim-
ing, epnxa, “I have found (it),” and running around Syracuse naked
(Biello, 2006).

The circumstances of Archimedes’s death, relevant to this ex-
cerpt, also form an interesting connection with the Second Punic

War. In 213 BCE, the praetor Claudius Marcellus led his army to
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Syracuse, which had allied itself with Carthage two years earlier, and
besieged the city. After facing the many legendary battle machines
created by Archimedes, including a claw that could allegedly cap-
size warships from afar and a “heat ray” that used parabolic mirrors to
concentrate light beams towards attacking ships (Rorres, 2017), the
Romans finally captured and stormed Syracuse in search of spoils.

Marcellus likely held Archimedes in high regard due to his in-
genious inventions and explicitly forbade his soldiers from killing
him, although he did want them to capture him (presumably so that
he could design machines for the Romans). According to one ac-
count of the mathematician’s death (by the historian Valerius Max-
imus), when soldiers busting into his house to loot it asked him who
he was, he responded, “I beseech you, do not disturb that (sand)”
(‘Noli, . . . obsecrs, istum (pulverem) disturbare,” Factorum et Dictorum
Memorabilium Librt Novem VII1.7.ext.7) in which he was drawing
some geometrical figures, implying that he was more concerned
with his studies than his own survival. As the story goes, a soldier
immediately stabbed him and the blood soaked into the sand. It is
said that the praetor was greatly offended and buried Archimedes
in a tomb immortalizing his favorite result, his calculation of the
surface area of a sphere (as corroborated by Cicero’s excerpt). It is
not known whether this anecdote from Valerius Maximus is true,
but it does speak to how mathematicians such as Archimedes were
perceived by the Romans. Of course, Cicero himself acknowledged
the Romans’ preference for the practical applications of mathemat-
ics, from architecture and aqueduct infrastructure to surveying and

chronometry.? This sentiment is humorously echoed by the 20th-

2While comparing the intellectual interests of the Greeks and Romans, Cicero writes that
“geometry was in the greatest esteem among those [Greeks], and so nothing [was] more
distinguished than mathematics; but we have limited the utility of this art to measuring and
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century mathematician George F. Simmons’ assertion that Cicero’s
“act of respect in cleaning up Archimedes’ grave was perhaps the
most memorable contribution of any Roman to the history of math-
ematics” (Simmons, 1992).

The second, more analytical, excerpt comes from Cicero’s De
Natiira Deorum. As its title suggests, the book investigates whether
the existence of gods can be proven and their nature determined
through reason alone, which was a naturally controversial issue in
Greek philosophy: The sophist Protagoras adopted the agnostic per-
spective, believing that the gods are beyond the limits of human
comprehension; Zeno of Citium (see the commentary below) ar-
gued that the fact that nearly every civilization prays to some col-
lection of gods implies that there must be beings to warrant such
devotion; meanwhile, atheists objected that religion was merely a
tool of social control, designed to keep people in line under the fear
of divine punishment (as was once referenced by the Greek play-
wright Critias) (Balme et al., 2016).

The De Natiira Deorum is a fictional dialogue between three of
Cicero’s contemporaries defending their own school of thought in
one book each: the Epicurean Gaius Velleius (who believes in happy
gods that do not care about humans), the Stoic Quintus Lucilius Bal-
bus (who interprets the regularity and usefulness of the world as ev-
idence for the existence of gods), and Gaius Aurelius Cotta (who
simply contests the others’ claims and, as a skeptic, likely speaks for
Cicero). In the excerpt, Cotta refutes Balbus’s argument that, since

a thing with reason is better than one without and the universe is

calculating” (In summa apud illos hondre geametria fuit, itaque nihil mathematicis inliistrius; at nos
métiendr ratiocinandique iitilitate huius artis terminavimus modum, Tusc. Disp. LIL5).
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better than anything it contains, the universe must possess reason

and hence must be god itself.

Source Texts: Our Latin texts come from Heine (1881) and Goethe
(1887), with a few changes in spelling and one deviation in reading.

R N R
Page 48 Agragentinas Agragantinas

Page 48 Inmisst Immisst

Page 49 Adparebat Apparébat

Page 49 dimidiatis dimidiatum

Page 51 adsentior assentior

Page 52 pulcherrumae pulcherrimae
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Tusculanarum Disputationum Liber Quintus

XXIII. 64. Non ego iam cum huius vita, qua taetrius, miserius,

détestabilius excogitare nihil possum, Platdnis aut Archytae vitam

comparabo, doctdrum hominum et plané sapientium:

Tusculanus, -a, -um: of Tusculum,
Tusculan

disputatio, -6nis f.: debate, disputa-
tion

quintus, -a, -um: ffth

taeter, -tra, -trum: horrid, disgraceful

détestabilis, -e: abominable, detestable

excogitd (1): think of, contrive of

Platd, -6nis m.: Plato (Latinization of

Archytas, -ae m.: Archytas (Latiniza-
tion of "ApyUtag; see below)

compard (1): (here, with cum) com-
pare (something) with (another
thing)

doctus, -a, -um: learned (lic. “taught,”
from doceo, -ere, -ui, ~tus)

plané (adv.): clearly

sapiéns, -entis: wise

IIhétwv; see below)

cum huius vita: take closely with Platonis . . . comparabo; huius refers to Dionysius
[ of Syracuse

qua taetrius, miserius, détestabilius: this swift series of comparative adjectives,
which modify nihil, is an instance of asyndeton; qua (which has the antecedent
vita) is an ablative of comparison

Platonis aut Archytae vitam: Plato is of course the famous Greek philosopher,
the student of Socrates and the teacher of Aristotle; Archytas was his friend and
a mathematician in the school of Pythagoras (which he in fact directed after
Pythagoras’s death)

doctorum . . . sapientium: genitive plurals in apposition to Platonis and Archytae
simultaneously
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ex eadem urbe humilem homunculum 2 pulvere et radio excitabg,

qui multis annis post fuit, Archiméedem.

humilis, -e: humble radius, -iim.: rod (used both for draw-
homunculus, -1 m.: little man, weak ings in the sand and for measurement)
man excitd (1): summon forth

pulvis, pulveris m.: dust, sand (in sum, esse, fui, futiirus: (here) live
which  Archimedes would have Archimédeés, -is m.: Archimedes (La-
sketched geometrical diagrams) tinization of "Apyu#dne)

ex eadem urbe: from the same city as Dionysius; considering that all the pairs of
figures in his prior moral exempla shared some similarities (e.g. the pairing of
two aspiring consuls), it is likely not a coincidence that he chooses to compare
two historical figures from Syracuse

humilem: this quality is quite important for Cicero’s analysis: after recounting
this anecdote, he asks the reader whether they would prefer to live Dionysius’s
life of power and fear, or Archimedes’s life in a humble station (indeed, his grave
was entirely forgotten), but one enriched by a passion in the sciences and math-
ematics (“the sweetest food of minds,” suavissimus pastus animorum, Tusc. Disp.
V.XXIIL66)

qui multis annis post fuit: who lived many years later (a century later, to be exact,

as Dionysius lived in the 4™ century BCE); the antecedent of qur is homuncu-
lum, to which Archimedem is in apposition; multis annis is an ablative of degree of
difference
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Cuius ego quaestor ignéritum ab Syricﬁsinis, cum esse omnino
negarent, saeptum undique et vestitum vepribus et dimeétis indagavi
sepulcrum. Tenébam enim quosdam sénariolds, quds in eius monu-

mentd esse Inscriptos accéperam, qui déclarabant in summa sepulerd

sphaeram esse positam cum cylindro.

quaestor, -oris m.: quaestor (the low-
est office of the cursus honorum; Cicero
became quaestor of Sicily in 76 BCE
at the lowest eligible age, suo anno)

ignord (1): not know

Syraciisanus, -a, -um: Syracusan (in—
cluding as a substantive)

omnind (adv.): altogether, at all

negd (1): deny

saepio, -ire, saepsi, saeptus: surround,
enclose; cover

undique (adv.): from all sides; com-
pletely

vestido, -Ire, -1vi, -1tus: cover, sur-
round

vepres, -is m.: bramble-bush

dimétum, -1 n.: thicket

indagd (1): track, search for, hunt for

sepulcrum, -1 n.: grave, tomb

tened, -ére, -ui, -tus: (here) hold in
one’s mind, remember

sénariolus, -1 m.: little verse (consist-
ing specifically of six feet; diminutive
of sénarius, -it m.)

monumentum, -1 n.: monument

inscribo, -ere, -scripsi, -scriptus: in-
scribe

accipid, -ere, -cépi, -ceptus: (here)
learn

declaro (1): declare

sphaera, -aef.: sphere (from the Greek
opoilpar)

cylindrus, -1 m.: cylinder (from the
Greek x0Mvdpoc)

Cuius: genitive of possession with sepulcrum; a relative pronoun can be translated

as a demonstrative pronoun

cum esse omnind negarent: since they denied (it) existed at all; a causal cum clause
with an imperfect subjunctive verb; the subject of negarent is the Syracusans and

the implicit subject of esse is sepulcrum

saeptum undique et vestitum vepribus et dimétis: saeprum and vestitum are
PPPs modifying sepulcrum, just like ignoratum; vepribus and diimetis are ablatives

of means

quos . . . qui: the antecedent for both relative clauses is senariolos

in summo sepulctd: ar the top of the grave

45



Cicero: Tusculanae Disputationes & De Natiira Deorum

Archimedes’s Sphere and Cylinder
B

~ A -

Figure 1: What is perhaps most interesting in Archimedes’s
derivation of the formula for the volume of a sphere (from The
Method of Mechanical Theorems) is that, since formal integration
did not exist yet, he had to employ an argument based on levers
and centers of mass, physical analogues of an integral. Surpris-
ingly, his proof requires a cylinder with double the width seen
in most depictions of Archimedes’s sphere-cylinder diagram.

Imagine a lever AB with length 47 and a fulcrum at the
midpoint F. Let the sphere with radius r be centered at the
midpoint O of AF. Then construct a cylinder with height and

radius 2r, with its bases at A and F', as well as an inscribed cone
with the same dimensions. For any perpendicular CD to the
lever AB, denote the intersection points with the sphere, cone,
andlever by G and H, I and J, and E, respectively. Since EFG
and AFG are similar right triangles, EF' : FG = FG : AF,
so AF - EF = FG? = EG? + EF? = EG?> + FI*. =
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Figure 1 (continued): Now consider the ratio BF : EF,
which is clearly equal to AF' : EF. By the previous result,
AF : EF = AF? . (AF - EF) = CE? : (EG? + EI?). Since
the area of a circle is proportional to its radius squared, the ra-
tio between the area of the cross-section of the cylinder (with
radius C'E) and the sum of the areas of the cross-sections of the
sphere and cone (with radii EG and ET respectively) is equal
to the ratio between BF and E'F.

By the law of the lever, if those two cross-sections were
moved to B, they would perfectly balance the cylinder’s cross-
section. If the sphere and cone are shifted such that their center
of mass is at B (implying that their cross-sections can be col-
lapsed onto that point), then their union would balance with
the entire cylinder. Since the latter’s center of mass is located
at O, the ratio between the volumes of the sphere-cone com-
bination and the cylinder is equal to the ratio of BF and OF,

which is 2 : 1. It is known that the ratio between the volumes
of the cone and cylinder is 1 : 3, so the sphere has one sixth of

the volume of the cylinder, resulting in the familiar expression
% . 77(27“)2 < (2r) = %777“3.

Since the surface of a sphere can be dissected into infinites-
imally small triangles, the sphere can also be represented as the
composite of pyramids with a height of » and with the trian-
gles as their bases. Since the volume of a pyramid is % times
the height times the base, the surface area of the sphere is ulti-
mately 3 - %777"2 = 4nr?. Both theorems are proven more rig-
orously, albeit less straightforwardly and in the opposite order,
in Archimedes’s On the Sphere and Cylinder. This achievement

is now commemorated on the back of the Fields Medal, the
most prestigious award in mathematics (see front cover of this

reader).
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65.
portas Agragantinas magna frequentia sepulcrorum), animum

Ego autem, cum omnia conliistrairem oculis (est enim ad

adverti columellam non multum & diimis éminentem, in qua inerat
sphaerae figiira et cylindri. Atque ego statim Syraciisanis (erant
autem principés mécum) dixi mé illud ipsum arbitrari esse quod

quaererem. Immissi cum falcibus multl pirgarunt et aperuérunt

locum:

conliistrd (1): lighten on all sides; in-
spect

porta, -ae f.: city-gate

Agragantinus, -a, -um: of Acragas (a
Greek city in Sicily)

frequentia, -ae f.: multitude

advertd, -ere, -1, -versus: turn to;
(here, with animum) turn one’s mind
to, notice

columella, -ae f.: little column
(diminutive of columna, ae f)

multum (adv.): much

diimus, -1 m.: bramble

émineod, -ére, -ui, —: stand out

insum, -esse, —-fui, —: be in

figiira, -ae f.: figure

statim (adv.):

princeps, principis: first; (as a substan-
tive) first man, chief, leader

at once

arbitror, -ari, -atus sum: (here) be-
lieve

immittd, -ere, immisi, immissus:
send to, dispatch

falx, falcis f.: sickle

piirgd (1): purge, make clean

aperio, -ire, -ui, -tus: uncover

cum omnia conliistrarem oculis: another circumstantial cum clause with an im-

perfect subjunctive verb

illud ipsum . . .

esse quod quaererem: that (grave) was the very one which I was

searching for; clauses that are subordinate to indirect statements need a subjunctive
verb (the sequence of tenses requires quaererem to be an imperfect verb, because

dixT is in the past tense)

piirgarunt: syncopation of purgaverunt
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66. qud cum patefactus esset aditus, ad adversam basim accessimus.
Apparébat epigramma exésis posterioribus partibus versiculorum
dimidiatum feré. Ita nobilissima Graeciae civitas, quondam véro
etiam doctissima, sul civis iinius aciitissimi monumentum ignorasset,

nisi ab homine Arpinate didicisset.

quo: to which place, whither

patefacio, -ere, -féci, —factus: make
open, expose

aditus, -iis m.: entrance

adversus, -a, -um: opposite

basis, basis f.: foundation, pedestal
(from the Greek Béotc)

accedo,

proach

-ere, ~-cessi, -cessus: ap-

appareo, -ere, -ui, -itus: appear

epigramma, -atis n.: inscription
(from the Greek éniypopupua)

exedo, -ere, -€di, -&sus: (here) cor-
rode

posterior, posterius: latter (of two)

versiculus, -1 m.: little verse (diminu-
tive of versus, -iis m.)

dimidio (1): divide into two
fere (adv.): nearly, almost
nobilis, -e: noble

Graecia, -ae f.: Greece

state, city-state
quondam (adv.): once, formerly

civitas, -atis, f.:

vérd (adv.): in truth

aciitus, -a, -um: sharp; (in the sense of
a “sharp” mind) intelligent

Arpinas, -atis: of Arpinum (the birth-
place of Cicero)

disco, -eére, didici, —: learn, become
acquainted with

quo cum patefactus esset aditus: circumstantial cum clause with a pluperfect sub-
junctive verb; as a connective to the previous sentence, qud can precede the con-

junction cum

exésis posterioribus partibus versiculdrum: an ablative of description bracketed
by the noun (epigramma) that it is describing and a participial phrase (dimidiatum
fere) that is also helping to describe epigramma

ignorasset, nisi ab homine Arpinate didicisset: a past contrary-to-fact condi-
tional with pluperfect subjunctive verbs ignorasset (a syncopation of ignaravisset)
and didicisset; note that ab here means “from” in the sense of learning “from”
someone; homine Arpinate refers to Cicero himself
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Figure 2: Painting by Benjamin West representing Cicero’s redis-
covery of Archimedes’s tomb. The depiction of the tomb’s finial
reflects neither the diagram used in Archimedes’s derivation of the
volume and surface area of the sphere, nor, if Plutarch is to be be-
lieved, his request that, on his tomb, “the cylinder [should be] cir-
cumscribing the sphere within” (tov teptapBévovta thHv ogaipay Ev-
To¢ xOMVdpov, Vit. 17.7). Image credits: Yale University Art Gallery,
public domain.
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Dé Natiira Deorum Liber Tertius

VIIL [ ... ] Sed cum mundd negas quicquam esse melius, quid dicis
“melius?” ST “pulchrius,” assentior; s “aptius ad atilitatés nostras,” id
quoque assentior; sin autem id dicis, “nihil esse mundo sapientius,”
nilld modd prorsus assentior, non quod difficile sit mentem ab oculis

sévocare, sed qud magis sévocd, ed minus id quod td vis possum

mente comprehendere.

mundus, -1 m.: world, universe (cf.
French “monde”)

quisquam, quidquam (quicquam):
anyone, anything

melior, -ius: better (comparative of
bonus, -a, um)

dico, -ere, dixi, dictus: (here equiv-

aptus, -a, -um: suitable, adapted

atilitas, -atis f.: use

sin: but if

prorsus (adv.): (here, intensifying a
negative) at all

sévocd (1): separate

volo, velle, volui, —: (here) mean

alent to intellego, with double ac-

cusative) mean (by) compre_hendo, -ere, -1, com-
. I prehénsus: (here) understand, com-
assentior, -iri, -sénsus sum: agree
prehend

(with)

cum mundd negas quicquam esse melius: temporal cum clause with a present
indicative verb; mundo is an ablative of comparison; the speaker is the skeptic
Cotta, and he addresses the Stoic Balbus

quid dicis “melius?”: what do you mean by “better?”; melius, as well as the subsequent
pulchrius and aptius, are comparative adjectives

id dicis: the pronoun refers to the following indirect statement
noén quod: quod is not a relative pronoun and instead means “because”

sit: subjunctive because Cicero thinks that it is nor the case that separating the
mind (logical reasoning) and eyes (observation) is difficult; indeed, separating
the two was a common practice in Ancient Greek philosophy: for instance, the
S‘h-century BCE philosopher Parmenides attempted to prove through logical
arguments that changes could never occur, thereby showing that the senses are
deceiving

quoé magis . . . ed minus: an idiom for “the more . . . the less”; literally, this
expression would translate as “less by (the degree) by which . . . more,” where
ed is the antecedent of quo and both are ablatives of degree of difference

mente: ablative of means
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I[X. “Nihil est mundo melius in rérum natiira.” Né in terris quidem
urbe nostra; num igitur idcirco in urbe esse rationem, cogitationem,
mentem putas aut, quoniam non sit, num idcircd existimas formicam
anteponendam esse huic pulcherrimae urbi, quod in urbe sénsus sit

nillus, in formica non modo sénsus, sed etiam meéns, ratio, memoria?

igitur: therefore antepond, -ere, —posui, -positus (+
idcirco: for that reason dat.): (lit.) set before; prefer over
ratid, -onis f.: reason, logic seénsus, -us m.: feeling, sense, faculty
cogitatid, -onis f.: thought of perceiving

quoniam: since, seeing that non modo . . . sed etiam: notonly. .
existimd (1): consider, think . but also

formica, -ae f.: ant (cf. French memoria, -ae f.: memory
“fourmi”)

rérum natiira: a common philosophical phrase for either the “universe” itself or its
properties; it appears in the titles of both Cicero’s own work (Dé Natiira Deorum)
and Lucretius’s epic poem (Dé Reérum Natiira), excerpted below

N& in terris quidem urbe nostra: Not even (anything beiter) on earth than our city, i.e.
Rome; there exists a parallelism between mundo and urbe nostra (both ablatives of
comparison) and in rérum natiira and in terris, with the reversed order exemplifying
chiasmus

num: introduces a question where the expected answer is “no”

quoniam non sit: the subjunctive is used to express the counterfactuality of the
clause

anteponendam esse: a passive periphrastic and the infinitive of the indirect state-
ment with subject formicam

quod: “because” with the subjunctive sir and not a relative pronoun
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Vidére oportet, Balbe, quid tibi concédatur, non té ipsum quod velis
simere. Istum enim locum totum illa vetus Zénonis brevis et, ut tibi
videbatur, aciita concliisio dilatavit. Zéno enim ita conclidit: “Quod
ratidne atitur, id melius est quam id quod ratidone nén atitur; nihil

autem mundd melius; ratione igitur mundus Gtitur.”

oportet, —€re, -uit, — (+inf.): (impers.) literal translation of the Greek philo-
it is necessary to sophical term témoc)

Balbus, -1 m.: Balbus (see the author vetus, veteris: old (cf. veteran)
introduction) Z@&nd, -onis m.: Zeno of Citium (La-

concédd, -ere, -cessi, —cessus (+ dat.): tinization of ZAvewv; see below)
assent to, concede to concliisio, -6nis f.: conclusion

simd, -ere, -psi, -ptus: take, receive; dilatd (1): spread out, extend (cf. di-
assume; affirm late)

locus, -m.: (here) the form or outline  concliids, -ere, -cliisi, ~cliisus: (here)
of an argument (used by Cicero as a conclude

fitor, {iti, isus sum (+ abl.): use

Videére oportet . . . quid tibi concédatur, non té ipsum quod velis siimere: the
indirect question introduced by quid takes the subjunctive concedatur, while velis
is the subjunctive verb of a clause subordinate to an indirect statement; siimere,
like videre, is a complementary infinitive for oportet

Zéndnis: the 3"-century BCE philosopher Zeno of Citium — not to be confused
with the pre-Socratic philosopher Zeno of Elea — founded the Stoic school of
philosophy and believed that a god existed and was the universe itself (in the form
of the dipy# or fundamental element, fire). His ontological argument goes, “A
man can honor a god; one cannot honor those who are non-existent; therefore, a
god must exist.” The kind of counter-argument that Cicero’s Cotta in the excerpt
and many other philosophers used in response to Zeno is known as a topoBol,
where the overall structure of an argument is preserved but minor predicates are
replaced (e.g. “rational” — “is educated”) to derive more questionable conclusions
(e.g. that the universe is educated and even capable of everything) and thereby
raise doubts about the goodness of the original argument (Schofield, 1983)

id melius est quam id: the former id refers to the previous relative clause, while
the latter id refers to the subsequent relative clause; notice that the comparison
uses quam
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Hoc st placet, iam efficies ut mundus optimé librum legere videatur;
Zéndnis enim vestigits hoc modd ratidonem poteris concludere:
“Quod litteratum est, id est melius quam quod non est litteratum;
nihil autem mundd melius; litteratus igitur est mundus.” Istd modd
etiam disertus et quidem mathématicus, misicus, omni dénique

doctrina éruditus, postrémd philosophus erit mundus.

placed, -€re, -ui, -itus (+ dat.): please, both Latin and Greek, the word can
be pleasing frequently mean “astrologer”)

efficio, -ere, -féci, -fectus: work out  misicus, -1 m.: musician, poet (from

optimé (adv.): best, very well (com-  the Greek pouowéc, “of the Muses”)
parative of bene (adv.)) deénique (adv.): finally; and then

vestigium, -ii n.: footprint, step (cf. doctrina, -ae f.: teaching, science,
vestige) area of knowledge

litteratus, -a, -um: learned (lit. “man
of letters,” from littera, -ae f)

disertus, -a, -um: skillful in speaking,
eloquent

mathématicus, -1 m.: mathematician
(from the Greek padnuoatixde, ulti-
mately from povidvew, “to learn”; in

éruditus, -a, -um (+ abl.): learned in,
educated in

postrémd (adv.): at last, finally

philosophus, -1 m.: philosopher (from
the Greek gu\boogoc, lit. “lover of
wisdom”)

Hoc st placet: a connective to a previous clause or sentence (in this case, the
demonstrative hoc) can sometimes precede s7 even if it is a part of the protasis

ut mundus optimé librum legere videatur: the verb efficere can take a noun
clause

vestigiis: ablative of means

disertus et quidem mathématicus, mdsicus, . . . €ruditus, . . . philosophus:
in this instance of asyndeton, Cicero alternates between nouns and adjectives
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Perhaps as a subtle allusion to the philosopher and poet Titus Lu-
cretius Carus (possibly 99 BCE - 55 BCE), Virgil wrote in his Geor-
gics, “Happy (was) he who was able to learn the causes of things”
(Felix qui potuit rérum cognascere causas, Georgica 2.490). Accordingly,
one must imagine the historians studying Lucretius’s life very un-
happy, for not even his exact birth year is known! His magnum
opus and only surviving work is the Dé Rerum Natiira, an exten-
sive six-book, 7400-line philosophical epic poem written in dactylic
hexameters. It is one of the few primary sources on the natural phi-
losophy of Epicurus, with Epicurus’s own works only extant in frag-
ments. Although Epicurus did believe that gods exist in some way,
he argued that they do not care about human affairs (as espoused by
the Epicurean Gaius Velleius in Cicero’s Dé Natiira Deorum), nor do
they interfere with physical phenomena. Such a belief system re-
quires purely scientific explanations of nature, as explained in lines
146-158 excerpted from Book 1 below. Unsurprisingly, the deis-
tic perspectives of Epicurus drew much criticism from later Chris-
tian and Jewish scholars (cf. 0173p"®Y, epikoras, a Hebrew term for a
heretic).

The chosen excerpt focuses on a core Epicurean principle, that
“from nothing, nothing is made” (ex nihilo nihil fir). Ancient Greek
philosophers first developed this tenet in the context of the noto-
rious problem of change (that is, the 5"-century BCE philosopher
Parmenides’s argument that change cannot occur, which relied on
the implausibility of the discrete jump from “being” to “non-being,”
or vice-versa). Lucretius’s justification (see lines 159-168 below)
states that, if something could come from nothing, the process would
occur constantly, for instance allowing complex lifeforms like cat-
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tle, lizards, or humans to appear fully-grown everywhere, a phe-
nomenon that is never observed. This section is a typical example of
an argument ad absurdum and follows the modus tollens structure, as
outlined in more detail in the commentary: if A, then B; B is false;
therefore, A is false. The ex nihilo nihil fit principle has persisted
in Newtonian physics through mathematical conservation laws, for
instance Descartes’s conservation of motion and momentum, Leib-
niz’s conservation of energy, and, of course, conservation of mass.
Even more fundamentally, the theorems of Emmy Noether associate
conservation laws with symmetries of nature (e.g. that the laws of
physics do not change through motion, displacement in time, or ro-
tations), a concept pervading the theoretical physics of today (Tré-
panier, 2023).

The ex nihilo nihil fit principle is central to Lucretius’s defense of
atomism, where changes in objects occur from the motions of indi-
visible, unchanging, and eternal atoms (dropot = & “not” + téuvew
“to cut”) traveling through otherwise empty void (xevév). The the-
ory, with atoms that can collide and then connect using hooks, was
first developed by the Sth—century BCE mentor-student pair Leucip-
pus and Democritus. Note that Lucretius avoids calques of the Greek
terminology, like atomus, and instead exclusively employs preexist-
ing Latin vocabulary, such as in the terms genitalia corpora (“genera-
tive bodies”), corpora prima (“first bodies”), or semina (“seeds”), which
all emphasize the generative potential of his fundamental particles.

For over a millennium, Lucretius’s atomism was largely eclipsed
by the Aristotelian theory of matter. In his On Creation and De-
struction, Aristotle had rejected the existence of void by stating that
the motion of an object is inversely proportional to the density of
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the medium surrounding it. In place of atomism, Aristotle pro-
moted his own theories of homogeneous elements and infinitely di-
visible space, time, and matter. Aristotle’s works ultimately formed
the foundation of medieval Islamic and European science and phi-
losophy, while atomism in its ancient form, along with much of
the De Rerum Natiira, gradually faded from the canon of scientific
thought, although surviving in societies like Henry of Harclay’s in-
divisibilists at 14"-century Oxford (Murdoch, 2009). Eventually, at
a time when many Ancient Greek philosophical works were rein-
troduced in the lead up to the Renaissance, the rediscovery of a
manuscript of the De Rerum Natura by humanist Poggio Bracci-
olini in 1417 gave new life to the theory of atomism, in various
flavors: Pierre Gassendi’s God-created atoms, which were a com-
promise with the Christian doctrine; Leibniz’s indivisible monads,
which echo the principles of his combinatorial art and universal lan-
guage (see the chapter on Leibniz); Descartes’s and Boyle’s infinitely
divisible and continuous corpuscles, which provided a physical jus-
tification for Newton’s calculus; and, more recently, the chemists’
billiard ball atoms or Neils Bohr’s fuzzy quantum atoms of probabil-
ity (Jensen, 2010). Ironically, the modern notion of an atom departs
from the word’s aforementioned Greek etymology, since what we

now call atoms are composed of even smaller particles.

Source Text: Our Latin text comes from Leonard and Smith (2008).
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Lucretius: Dé Rerum Natiira

Dé Rérum Naitiira Liber Primus

Nam tibi dé summa caeli ratione deumque
disserere incipiam et rérum primdrdia pandam,
unde omnis natiira creet rés, auctet alatque,

quove eadem riirsum natiira perémpta resolvat,

54
55
56
57

ratio, -onis f.: reason, logic; (here)
law, order

disserd, -ere, -ui, -tus (+ de): arrange;
examine, discuss (cf. dissertation)

incipio, -ere, -cepi, -ceptus: begin

primordium, -if n.: origin (cf. pri-
mordial)

pando, -ere, -1, passus: open, extend;
explain

unde: from which place, from which,
wherefrom

cred (1): bring forth, create

auctd (1): increase (cf. auction)

alo, -ere, -ul, -tus: support, maintain;
promote, increase

qud: to which place, whither (in con-
trast to unde)

-ve: or

rirsum (adv.): again

perimo, -ere, -€mi, -eémptus: annihi-
late, destroy; prevent

resolvo, -ere, -1, -soliitus: untie, re-
lease; dissolve, destroy

tibi: refers to Gaius Memmius, to whom Lucretius dedicated his poem

deumque: deum is the genitive plural of deus and an alternative form of deorum

omnis: -is is a variant of the usual accusative plural ending -és that appears fre-
quently in poetry; omnis modifies rés, which is the object of creet, auctet, and alat

creet: when a subordinate clause is contained in an indirect statement, its verb is

subjunctive

eadem: modifies natiira

perémpta: PPP modifying an implicit neuter plural ea
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quae nds materiem et genitalia corpora rébus 58
reddunda in ratione vocare et sémina rérum 59
appellare suémus et haec eadem Gstrpare 60
corpora prima, quod ex illis sunt omnia primis. 61

materiés (acc. materiem) f.: matter

genitalis, -e: belonging to or causing
birth, generative; (here, with corpus)
elements

reddo, -ere, -didi, ditus: return; (here
with direct object rario) render an ac-
count

sémen, séminis n.: seed

appelld (1): name

suésco, -ere, suévi, suétus: be accus-
tomed to

usurpo (1): use; seize; (here) name

quae: technically a relative pronoun with antecedent omnis . . . res, but can be
treated as a demonstrative pronoun (“these things”)

reddunda in ratidne: in rendering an account; idiomatic use of the gerundive for a

gerund construction

suémus: syncopation of suevimus; the verb has the complementary infinitives
vocare, appellare, and iisiirpare, which all take a double accusative (specifically,
one of the accusatives, quae, refers to the things being named, and the others
represent the names being assigned to them)
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Nec mé animi fallit Graidrum obsciira reperta 136
difhcile inliistrare Latinis versibus esse, 137
multa novis verbis praesertim cum sit agendum 138
propter egestatem linguae et rérum novitatem; 139

fallo, -ere, fefelli, falsus: deceive; es- inliistrd (1): light up; to make clear (cf.
cape notice illustrate)

Grail, -orum m.: the Greeks Latinus, -a, -um: Latin

obsciirus, -a, -um: obscure (both in versus, -iis m.: verse
the sense of “dark” and “unintelligi- praesertim: especially, particularly

”» - - - -
ble”) ago, -ere, égi, actus: (here) convey
reperta, -drum n.: inventions (from egestds, -atis f.: extreme poverty,
reperio, ~ire, -pert, -ertus, “to find”) want

novitas, -atis f.: novelty

Nec mé animi fallit: (idiomatically) it does not escape my mind that; here, animt is
not a genitive, but a locative (“in the mind”)

esse: the subject of the indirect statement is the infinitive phrase Graiorum obsciira
reperta . . . inliistrare Latinis versibus; as a result, the predicate adjective difficile has
to take on the neuter gender

praesertim cum: in prose, this phrase would be located at the beginning of the
clause, behind multa novis verbis

sitagendum: a passive periphrastic and the subjunctive verb of a causal cum clause;
strictly speaking, sif agendum is impersonal (“it must be conveyed”), but, when
translating, the accusative object multa of the transitive verb agere can be under-
stood as the subject of sit agendum

egestatem linguae et rérum novitatem: [inguae refers to the Latin language; in
this line, rerum does not mean “things,” but “subject matters,” specifically the main
components of the Epicurean philosophy
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Hunc igitur terrorem animi tenebrésque necessest
non radit s6lis neque licida tela diet

discutiant, sed natiirae speciés ratioque.
Principium cuius hinc nobis exordia siimet,

niillam rem € nihil6 gigni divinitus umquam.

146
147
148
149
150

igitur: therefore
terror, -oris m.: fear
tenebrae, -arum f.: darkness, shadows

necessest = necesse est: it is necessary
that, it is inevitable that

radius, -ii m.: (here) ray

licidus, -a, -um: shining

telum, -1 n.: weapon; (here figura-
tively) sunbeam

discutio, -ere, -cussi, -cussus: strike,
shatter, destroy

speciés, -eif.: aspect, appearance

principium, -if n.: beginning; princi-
ple

hinc: from this place; (here) hence

exordium, -ii n.: beginning, intro-
duction, exordium

simo, -ere, -psi, -ptus: take, receive;
assume; (here) affirm

nihilum, -1 n. = nihil

gigno, -ere, genui, genitus: bring
forth, birth, produce

divinitus (adv.): by divine interfer-
ence

umquam: ever

necessest: this word sets up the subjunctive verb discutiant

discutiant: its four subjects are radii, tela, species, and ratio

Principium . . .

exordia simet: Principium and exordia are very similar in their

definitions (both words can mean “beginning”), but here the subject exordia (a
poetic plural) describes the beginning of the text while the object principium de-
scribes the beginning or foundation for the laws of nature

cuius: the relative pronoun cuius has speciés ratioque as its antecedent and is an ob-
jective genitive governed by principium; even though cuius is usually written with
only one i, its pronunciation actually features a vocalic i in the first syllable (cui-)
and a consonantal i in the second (~ius); this analysis implies that the first syllable
scans as long, which Lucretius, in an archaism, treats as short

gigni: it is the passive infinitive of an indirect statement that describes the

principium
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Quippe ita formidd mortalis continet omnis, 151
quod multa in terris fierT caeldque tuentur, 152
quorum operum causas niilla ratione videre 153
possunt ac fierT divind niimine rentur. 154

quippe: surely, indeed (as an adv.); for
indeed, because (as a conjunction)

formids, -inis f.: fear (cf. formidable)

mortalés, -ium m.: mortals, human-
ity

contineo, -ére, —-ui, -tentus: keep to-
gether, enclose, subdue

tueor, -&ri, -itus sum: look at, behold,
examine

opus, operis n.: work

video, -€re, vidi, visus: (here) under-
stand

niimen, niiminis n.: (divine) will,
power

reor, réri, ratus sum: believe

mortalis . . . omnis: a poetic version of the accusative plural ending -és

in terris . . . caeloque: on the lands and in the sky

nilla ratione: with no logic; ablative of means
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Quas ob rés ubi viderimus nihil posse creart 155
dé nihils, tum quod sequimur iam réctius inde 156
perspiciemus, et unde queat res quaeque creari 157
et qud quaeque modd fiant opera sine divom. 158

quas ob rés: (lit) because of these qued, -ire, -ivi, -itus: be able to

things, therefore qud . . . modd: in what way
réctus, -a, um: straight, right, proper  diyus, -a, -um: divine; (as a substan-
inde: from that place, then tive) god

perspicid, -ere, -spexi, -spectus: look
through; perceive, ascertain

quod: a relative pronoun that, in prose, would follow the iam
réctius: more properly; comparative adverb from rectus, -a, um

et unde queat rés quaeque credri / et qud quaeque modo fiant: queat and fant
are subjunctive because they are verbs in indirect questions introduced by unde
and quo . . . modo, respectively; Lucretius is thereby introducing the two major
questions he seeks answer in his work with the help of atoms, whose existence he
will establish after having proven that nothing can come from nothing: how are
composite bodies created from fundamental elements, and how can phenomena
be explained purely scientifically, without religion?

quaeque: in the first line, quaeque is feminine nominative singular and modifies res,
in contrast to the neuter plural nominative quaeque in the second line

divom: an archaic genitive plural for divus
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Nam st dé nihilo fierent, ex omnibus rébus 159

omne genus nasci posset, nihil sémine egeret. 160

E mare primum hominés, € terra posset oriri 161

squamigerum genus et volucrés erumpere caeld; 162

armenta atque aliae pecud@s, genus omne ferarum, 163

incertd parti culta ac déserta tenérent. 164

genus, generis n.: (here) offspring armentum, -1 n.: cattle

nascor, -1, natus sum: be born, be pecus, pecudis f.: animal, farm animal
produced (in contrast to fera)

eged, -€re, -ui, - (+ abl.): need fera, -ae f.: wild beast (cf. ferox, -ocis)

primum (adv.): firse incertus, -a, -um: uncertain

orior, -1r1, ~tus sum: rise, appear partus, -iis m.: offspring; birth

squamiger, -era, —erum: scaly
volucris, -is f.: bird

colo, -ere, -ui, -tus: cultivate
teneo, -€re, -ui, -tus: (here) occupy,

possess, fill

erumpd, -ere, -riipi, -ruptus (+ abl.):
burst forth from, break out from

fierent . . . posset. . . egéret: the imperfect subjunctives in the protasis and
apodosis indicate a contrary-to-fact present conditional; translate the verb in the
protasis with “were” and the verbs in the apodosis with “would”; note that posse in
the subjunctive can often be translated simply as “could”; this conditional, which
continues onto the next page with the imperfect subjunctives solerent, miitarentur,
and possent, forms the “if A, then B” premise of the modus tollens argument

€ mare primum hominés: understand possent oriri; mare is a somewhat rare alter-
native to mari for the ablative singular
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Nec friictiis idem arboribus constare solérent, 165
sed miitarentur; ferre omnés omnia possent. 166
Quippe ubi non essent genitalia corpora cuique, 167
qui posset mater rébus consistere certa? 168
friictus, -iis m.: fruit qui: (as an interrogative adv.) in what
arbor, -oris f.: tree manner, how

constd, -are, -stiti, -statiirus (+ dat.): cOnsistd, -ere, -stitl, —: be constant,

Correspond to remain unchanged
miitd (1): change certus, -a, um: fixed, unerring, con-
stant

omnés: modifies an implicit arbores

ubi non essent genitalia corpora cuique: a dative of possession that can be
rephrased as ubi quidque non haberet genitalia corpora; ubi sometimes takes a
subjunctive when used temporally as “when,” and this line and the next can be
treated as a contrary-to-fact present conditional like above

qui posset mater rébus consistere certa: how could a mother for things remain fixed;
the redundancy of consistere certa is an instance of the literary device of pleonasm
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At nunc seminibus quia certis quaeque creantur, 169
inde €nascitur atque oras in liminis exi, 170
materiés ubi inest cuiusque et corpora prima; 171
atque hac ré nequeunt ex omnibus omnia gigny, 172
quod certis in rébus inest sécréta facultas. 173
€nascor = nascor nequeo, -ire, -1vi, -itus: cannot

Ora, -ae f.: extremity, region s€crétus, -a, -um: separate, distinct
insum, -esse, —fui, —: be in, be con- facultds, -atis f.: power, ability, fac-

tained in ulty

At nunc: with these words, Lucretius announces that he is transitioning into the
“B is false” premise of the modus tollens argument

quia: in prose, it would be placed before seminibus

oras in liminis: just as a preposition can sometimes be placed in between a noun
and an adjective (e.g. magna cum laude), it can also lie between a noun and a
genitive governed by the noun; orae liiminis metaphorically means “the world,”
which indeed is the “region” of “light” and life, as opposed to the underworld

materiés ubi inest cuiusque et corpora prima: in which the matter and the primary
bodies of anything are contained; although inest also has a plural subject corpora prima,
it is singular because its first subject, materies, is singular (which is common if a
verb has multiple subjects, some singular, some plural)

hacré therefore (literally “because of this thing,” an ablative of cause); Lucretius fi-
nally reaches the “A is false” conclusion of his argument, although it is slightly
stronger than the statement that he initially set out to prove: Rather than sim-
ply demonstrating that nothing can come from nothing, he also deduces that a
certain facultas — namely, atoms and their motions — prevents something from
emerging from any random source or at any random time
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Chapter 3 — Copernicus: Commentariolus

Nicolaus Copernicus (1473 CE - 1543 CE) is known for introducing
the heliocentric planetary model and inspiring scientists like Galileo
Galilei and Isaac Newton to develop new theories of motion through
his monumental De Revolitionibus Orbium Coelestium. At the urg-
ing and with the assistance of his pupil Georg Joachim Rheticus,
who ultimately became one of the editors of the work, Copernicus
had it published but, contrary to popular belief, did not intentionally
postpone the publication until after his death to avoid persecution.
Instead, it is said that he had the opportunity to look at the printed
version on the day of his passing (Rabin, 2023). In a modern ver-
sion of Cicero’s search for Archimedes’s tomb, archaeologists only
recently rediscovered the astronomer’s burial place in the Frombork
Cathedral, having unearthed his skull and compared its DNA to that

of hair contained in a book once owned by him (Easton, 2008)!

The ideas that Copernicus would eventually compile into De
Revolitionibus in the 1530s were already germinating, and re-
ceiving recognition, decades earlier. The excerpt below serves as
the beginning to a manuscript that Tycho Brahe later titled the
Commentariolus (Rosen, 1992),! literally the “little commentary,”
in what is perhaps the biggest understatement in the history of
astronomy, not because of its length (a compact 16 pages), but its
impact. After Copernicus outlines the problems present in earlier
geocentric systems, he proposes a new set of premises that lead to
a simpler description of planetary motion. As he himself admits,
the rigorous mathematical constructions and computations are
“intended for a greater volume” (maiori volitmini destinatas), but the

text does provide some insight as to why he might have pursued

!Full Latin title: Dé Hypothesibus motuum coelestium a sz constitiitis Commentariolus
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a heliocentric theory in the first place. Even if Copernicus only
shared the work with a few close astronomers sometime before
1514, it did attract the attention of many important figures, not
only the aforementioned Tycho, but also Pope Clement VII and
Cardinal von Schénberg, who, perhaps unexpectedly, encouraged
him to publish a full-length work on the subject (Macke, 2020).
The original draft of the Commentariolus is unfortunately lost, but
the historian of mathematics Maximilian Curtze discovered the first
of three currently known copies in the Austrian National Library
in 1878 (Rosen, 1992).

As Copernicus’s frequent references to previous astronomers in
the Commentariolus suggest (each highlighted in the commentary
below), his work closely engages with earlier Greek astronomical
theories. Most importantly, it upended the Aristotelian worldview
by assuming that the Earth does not remain fixed at the center of
the universe. While Aristotle framed geocentrism as a corollary of
the core principle that earth and water tend to move towards the
center of the universe, later philosophers also devised other argu-
ments in defense of Earth’s immobility. For instance, since objects
thrown into the air from a moving vehicle would intuitively land
behind it, objects thrown upwards from the surface of the Earth
would never land at the same place if the Earth were moving (Ptole-
maeus, 1984). (It turns out that this absurd implication of a moving
Earth is resolved by the conservation of momentum devised in post-
Renaissance physics.) Copernicus’s rejection of geocentrism implied
that most Western scientific knowledge, largely derived from Aris-
totle, stood on, literally, moving ground, which is precisely what
makes this paradigm shift, since referred to as the “Copernican rev-
olution,” deserving of that title.
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As profound as its philosophical implications may have been,
Copernicus’s system actually reused much of the machinery of
the older geocentric Ptolemaic model, including letting planets
move on circles (epicycles) whose centers themselves move on
larger circles (deferents). Despite this mathematical complexity,
Copernicus did formulate two interesting aesthetic justifications for
his heliocentric model: The first, touched upon in this excerpt of
the Commentariolus, is the removal of the so-called equant point,
a mathematical invention that was not believed to exist in real life
but rather was invented to preserve a core belief of the Aristotelian
worldview, that planets move at a constant speed (Rabin, 2023). The
second, expounded in the first book of the Dé Revolitionibus, is the
implementation of a relationship that had been envisioned earlier
by Aristotle and even the Roman architect Vitruvius, namely that
a planet’s period corresponds to the radius of its orbit. In contrast,
in the Ptolemaic model, the order of the planets, especially the
innermost ones, was arbitrary (Goldstein, 2002).

Just as his preferred defense for heliocentrism changed over time,
his astronomical results were revised and reframed by the editors of
the De Revoliitionibus as well, not always with his approval. Rheticus
worked alongside Copernicus in his final years and expanded upon
the mathematical aspects of the theory to align them with contem-
porary texts (in fact, Rheticus published a whole separate treatise
meant to assist in the trigonometric calculations of the Coperni-
can system). He also authored the 1540 Narratio prima, which, as
its name suggests, was the first public, printed document concern-
ing Copernicus’s heliocentrism. It warned the reader that some of
the necessary assumptions (namely the mobility of the Earth) might

contradict philosophical reasoning. It was eventually incorporated
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into the second edition of the Deé Revoliationibus and even repub-
lished in Johannes Kepler’s Mysterium Cosmographicum (Rabin, 2023).
However, the preface that would appear in the first edition of the
Deé Revoliitionibus was not only cautious, but also downplayed the
potentially controversial elements of the heliocentric system — in-
cluding the main point of the text, that the Earth is in motion — as
mere hypotheses that are considered true for the sake of astronomical
calculations but do not accurately reflect reality. Its author was the
minister Andreas Osiander, who took over as editor after Rheticus
received a teaching position at the University of Leipzig. Rheticus
himself was very offended at this introduction, striking it out in red
ink in his own copy of the Dé Revoliitionibus, and this recontextual-
ization of the Copernican model by Osiander is now known in the
philosophy of science as an early example of an instrumentalist the-
ory that is supposed to match only observations and not the nature
of the universe itself.? On the bright side, Osiander’s conservatism
perhaps helped Copernicus’s ideas spread throughout 16%-century
Europe and his model be temporarily accepted as a valid mathemat-

2The following paragraph from Copernicus’s introduction to the De Revoliitionibus sheds some
light on the intensity of his own position, although it must, of course, be read with the under-
standing that he dedicated his work to the Pope: ST fortasse erunt paconbhoyou, qui cum omnium
Mathematum ignari sint, tamen de illis tidicium sibi sismunt, propter aliqguem locum scriptiirae, male
ad suum propositum detortum, aust fuerint meum hoc tnstitiitum reprehendere ac tnsectart: illos ni-
hil ‘moror, aded ut etiam illorum iidicium tanquam temerarium contemnam. Non enim obsciirum
est Lactantium, celebrem alioqui scriptorem, sed Mathematicum parum, admodum pueriliter dé forma
terrae loqut, cum deridet eds, qui terram globi formam habeére prodiderunt. Itaque non debet mirum
vidert studiosts, st qui tales nos etiam ridebunt. Mathemata mathematicis scribuntur . . . (“If there are
possibly idle-talkers, who, although they are ignorant of all Astronomy, nevertheless assume
for themselves a judgement about those (matters), they will dare to reprehend and censure this
undertaking of mine because of some passage of scripture, badly distorted to their purpose:
I care nothing about those men, to the extent that I disregard even the judgement of those
men as reckless. It is also not unknown that Lactantius, otherwise a celebrated writer, but
hardly an Astronomer, speaks very childishly about the shape of the Earth, when he derides
those who made known that the Earth has the shape of a globe. Therefore, it must not seem
surprising to scholars, if some people of this sort also laugh at us. Astronomy is written for
astronomers . . .”). Note that Lactantius was a 47 -century Christian writer whose style was
greatly admired during the Renaissance.
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ical alternative to the Ptolemaic one, at least until the 1632 Galilean
affair that led to the Catholic Church prohibiting the reading of the
Dé Revoliitionibus and other writings on heliocentrism (Gingerich,
1973). Gradual investigations into the physical causes behind the
planetary motions eventually supplied a theoretical basis for Coper-
nicanism, with the Church repealing its ban in the early 19th cen-
tury, but that story is best told in the context of Kepler and Newton’s

excerpts later in the reader.

Source Texts: Our Latin text comes from Folkerts et al. (2019),
with a few divergences, some restoring readings present in the three

original manuscripts reprinted in Copernicus (1992):

Page 77 ex et

Page 78 | Calippus Calipus

Page 78 et ex

Page 82 | Prolemaeo Prolemeo

Page 87 | paene pene

Page 91 circa Solem volvimur circumvolvimur

Note: In Latin, many verbs of motion are exclusively transitive and
always require an object. So, to describe an action in which the
subject is both doing the action and is affected by it, such verbs would
have to take a reflexive pronoun se. However, in the context of pre-
Newtonian astronomy, the planets are not actually responsible for
their own movement across space. Therefore, in the excerpt below,
verbs of motion are frequently in the passive, although an English

translation would treat them as active and intransitive.
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De Hypothesibus motuum coelestium 2 sé constitiitis
Commentariolus

Multitiidinem orbium coelestium maiorés nostrdos eam maximeé
ob causam posuisse vided, ut apparentem in sideribus motum sub
regularitate salvarent. Valdé enim absurdum videbatur coeleste

corpus in absoliitissima rotunditate non semper aequaliter movert.

hypothesis, -is: hypothesis (from the
Greek Onédeoic, something “set be-
fore” or “suggested”)

motus, -lis m.: movement, motion

coelestis = caelestis, —e: celestial

constituo, -ere, -1, -iitus: set up, es-
tablish

commentariolus, -1 m.: little com-
mentary (diminutive of commentarius,
-7 m.)

multitidd, -inis f.: great number,
multitude

orbis, -is m.: orb, sphere, circle

maiores, maiorum m.: ancestors

maximé (adv.): (here) mostly, espe-
cially

ob (prep. + acc.): on account of, be-
cause of

pond, -ere, posui, positus: (here) es-
tablish, propose

apparéns, -entis: apparent

sidus, sideris n.: star

sub (prep. + abl.): (here) by means of,
through

régularitas, -atis f.: regularity

salvo (1): save (in order to “save the
phenomena,” olewv & gouvéueva,
astronomers should develop theories
that are consistent not only with the
observed planetary motions but also
with the philosophical principles of
the Aristotelian worldview, e.g. that
orbits are perfect and circular)

valdé (adv.): very

absurdus, -a, -um: absurd

absoliitus, -a, -um: complete; perfect
(from absolva, -ere, -i, -soliitus; here in
the superlative)

rotunditas, -atis f.: roundness; round
figure

aequaliter (adv.): equally, uniformly

moveo, —ére, movi, motus: move

Multitidinem . . . posuisse: indirect statement with subject maiories nostros,
perfect active infinitive posuisse, and object multitiidinem

eam maximeé ob causam: eam functions as a demonstrative adjective modifying
causam, and, like other demonstratives, can refer to a subsequent clause often
introduced by ut (here with the subjunctive verb salvarent, which is imperfect

because posuisse is in the past tense)

Valdé enim absurdum videbatur: For it seemed very absurd that; introduces an
indirect statement with subject coeleste corpus and infinitive movert

moverl: move; a passive verb of motion with an active, intransitive meaning
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FierT autem posse animadverterant, ut et compositione atque con-
cursi motuum régularium diversimodé ad aliquem situm movert

quippiam vidérétur.

animadvertd, -ere, -1, -versus: (lit.) régularis, -e: regular
direct one’s mind to; notice, observe  diversimode (adv.): in different ways
compositid, -onis f.: arrangement, situs, -iis m.: position, place
composition, combination quispiam, quaepiam, quidpiam
concursus, -iis m.: (here) combination (quippiam): anyone, anything

Fier1 . . . ut: an idiom for “it happens that”; to be precise, uf introduces a noun
clause that functions as the subject of fiert

animadverterant: the subject is the “our ancestors” from earlier; because this verb
is in the past tense, the subjunctive viderétur in the noun clause introduced by
ut must be imperfect; Copernicus seems to be referencing Plato in particular,
who was first to suggest that the irregular planetary motions may arise from the
combinations of regular, circular motions (“saving the phenomena”)

et compositidne atque concursii: ablatives of means
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Id quidem Calipus et Eudoxus per concentricds circulos dédiicere
laborantés non potuérunt ex his omnium in méti sidered reddere

rationem, =

Calipus, -1 m.: Callippus (slightly cor- d&diicd, -ere, -diixi, -ductus: (here)

rupt Latinization of Ké\lnrog; see derive
below) laboro (1): work, strive (cf. labor)
Eudoxus, -1 m.: Eudoxus of Cnidus sidereus, -a, -um: pertaining to the
(Latinization of ElBoZoc; see below) stars, sidereal
concentricus, -a, -um: concentric reddo, -ere, -didi, ditus: return; (here
circulus, -im.: circle; (in astronomy)a  with direct object ratid) render an ac-
circular course count

id: object of dediicere and refers to the goal of describing the planetary motions
through circular motions

Calipus et Eudoxus: Eudoxus of Cnidus was an Ancient Greek mathematician
and astronomer from the 4% century BCE famous for creating one of the first
reasonably accurate models of planetary motion; it was composed of 3-4 con-
centric spheres for each body, with the poles of each sphere attached to an outer
sphere, the Earth placed at their center, and the planet affixed somewhere on the
innermost sphere (see Figure 1); the first version of the model was incapable of
describing the paths of Venus and Mars, but the astronomer Callippus, as Eu-
doxus’s mentee, added 7 spheres to the prior 27 to improve the model’s accuracy
(Aristotle then later almost doubled the number of spheres to 56!)

laborantes: a plural PAP modifying both subjects Calipus and Eudoxus; it has a
concessive force and governs the supplemental infinitive dediicere

non potuérunt ex his omnium in mota sidered reddere rationem: were not able
to render an account for all things in (or “aspects of”) the motion pertaining to the stars
by means of these (circular courses); omnium is an objective genitive with rationem
and his an ablative of means; the preposition ex is being used instrumentally here,
but a couple of manuscripts instead read e, which should still be taken closely
with his with the sense of “even”

in motd sidered: sidus and its derivatives can refer not only to true stars but also
to planets
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Planet Celestial North

. True North
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Sphere 3
Sphere 2

Sphere 1

Figure 1: The Eudoxian geocentric model for a single planet.
Sphere 1 has its axis directed towards the celestial north (i.e. Polaris)
and its rotation describes the motions of the stars caused by the
rotation of the Earth. Sphere 2 has its axis attached to Sphere 1 and
its equator defines the ecliptic, along which the Sun travels. The
axis of each subsequent sphere is attached to the previous sphere.
The planet is then located on Sphere 4 (or Sphere 3 in the cases of
the Sun and the Moon), and its motion is the combination of all
rotations.
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(continued) non solum edrum, quae circa revoliitionés siderum vi-
dentur, vérum etiam quod sidera modo scandere in sublime, modo
déscendere nobis videntur, quod concentricitas minimé sustinet.
Itaque potior sententia visa est per eccentricds et epicyclos id agi, in

qua démum maxima pars sapientium convenit.

non solum . . . vérum etiam: not sententia, -ae f.: way of thinking,

only. .. butalso judgment, opinion; idea
circa (prep. + acc.): near; concerning  eccentricus, -a, -um: eccentric (as a
revoliitid, -onis f.: revolution, circu- masculine substantive, refers to the
lar movement larger, non-centered circle in the
modo . . . modo: now . . . now, at Ptolemaic model, known as the “def-
one moment . . . at another erent”; see Figure 2)
scandd, -ere, -1, scansus: rise, ascend  epicyclus, -1 m.: epicycle (the smaller
sublimis, -e: high, lofty; (as a neuter circle attached to the deferent)
substantive) upper regions, heavens ~ démum (adv.): at last; indeed
déscends, -ere, -1, -scénsus: descend  sapiens, -entis: wise; (as a substantive)
concentricitas, -atis f.: concentricity wise man
minimé (adv.): not at all convenid, -ire, -véni, -ventus: agree
sustined, -€re, -ui, sustentus: support with, (here with in) agree upon

potior,  potius: better,  preferable
(comparative of poris, -¢, “able”)

edrum, quae . . . videntur: for those things which are seen, i.e. “those appearances”;
like omnium, eorum is an objective genitive governed by rationem and refers back
to ommnium in moti sidered

quod . . . quod: the first quod means “because,” while the second is a neuter
accusative relative pronoun whose antecedent is the entire previous clause

modo scandere . . . modo déscendere: by “ascend” and “descend,” Copernicus
does not refer to the “rising” or “setting” of the planets in the night sky, but to
their varying distance from the Earth, as indicated by the fact that their perceived
brightness and size change over time; while Copernicus’s first issue with the Eu-
doxean model (its inaccuracy in describing the angular motions of the planets
in the night sky) can be addressed through fine-tuning or the addition of more
spheres, this second issue definitively rejects the validity of a model composed of
concentric spheres, as it would always keep the planets at a fixed distance from
the Earth

id agi, in qua: id again refers to the mission of “saving the phenomena”; agf is a
passive infinitive in an indirect statement set up by sententia; the antecedent of
qua is sententia
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Figure 2: The Ptolemaic model for a single planet, with the center
of the epicycle orbiting along the deferent, albeit not at a uniform
speed. This issue is addressed by the equant, as will be discussed
later in the commentary. Note that ancient astronomers still under-
stood the circular deferent and epicycles as the equators of celestial
spheres or “orbs,” hence the word “orbit.” (An orbit as the path of a
body through space is a modern notion due to Kepler.) To avoid an
unphysical intersection of spheres, the deferent was often replaced
with a larger sphere with the same center, internally tangent to the
epicycle.
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Attamen quae 2 Ptoleméd et pléerisque aliis passim dé his prodita
fuérunt, quamquam ad numerum respondérent, ndn parvam quoque

videbantur habére dubitationem.

attamen: but nevertheless (from ar + prodo, -ere, -didi, -ditus: put forth;

tamen) make known; pass down
Ptolemeus: Claudius Ptolemy (La- quamquam: although
tinization of ITtohepoioc) numerus, -1 m.: number (here, the
plérusque, -aque, -umgque: most, numerical data concerning the posi-
very many tions of the planets)
passim (adv.): here and there, far and responded, -&re, -i, -sponsus: (here,
wide, everywhere with ad) agree with, correspond to

dubitatid, -onis f.: doubt, uncertainty

quae: the things which; the antecedent is an implicit ea, which functions as the sub-
ject of videbantur

Ptolemeo et plerisque alits passim: the Z“d—century CE mathematician Claudius
Ptolemy composed the Almagest (from the Arabic article “al” and the Greek
weylotn “greatest,” the original title being Modnuartied) Lovtagic or “A Mathe-
matical Treatise”), which proposed the geocentric Ptolemaic model, where the
planets orbit on epicycles, whose centers in turn orbit around deferent orbits; the
“very many others everywhere” is ambiguous but may refer to astronomers who
proposed similar multi-circle models, including perhaps the Persian astronomer
Nasir al-Din al-Tusi with his Tusi couple (a supplementary system with a circle
rolling around in another circle), which Copernicus seemingly incorporated into
his heliocentric system (see Figures 3 & 4)

prodita fuérunt: a common alternative to the perfect passive prodita sunt

noén parvam . . . habére dubitatidnem: notice the litotes in “not little uncer-
tainty”; habere dubitationem can be translated literally as “to have doubt” or more
smoothly as “to be doubtful” or “to require consideration”

82



Copernicus: Commentariolus

Figure 3: In a Tusi couple, an outer circle remains tangent at A to an
inner circle with half the radius while they both rotate at the same
angular speed and in opposite directions. One can also think of the
smaller circle rolling around inside the larger one. Any fixed point
B on the inner circle follows a diameter of the outer circle. Three
time steps are shown. Copernicus reformulated the Tusi couple in
terms of epicycles of equal size, where the center of one epicycle is

affixed at C to the other epicycle (the dashed circle).

Deferent

Larger
Tusi Circle Epicycle

e

Ptolemaic Deferent

Figure 4: The integration of the Tusi couple into a geocentric
model. The oscillatory motion of the center of the epicycle along
a line that is directed towards the Earth produces a displaced circle
(here dashed) that rotates at a non-uniform speed, while the actual
celestial circles satisfy the principle of uniform motion. When one
simulates this system, one can see that the center of the epicycle
only follows an approximately circular path.

83



Copernicus: Commentariolus

Non enim sufficiebant, nisi etiam aequantés quosdam circulds

imaginarentur, quibus apparébat neque in orbe sud déferente neque

in centrd proprid aequali semper véldcitate sidus movert.

sufficio, -ere, -féci, -fectus: (here) be
sufficient, be adequate

aequd (1): equalize

imaginor, -ar1, -atus sum: imagine,
devise, contrive

appareo, -€re, -ui, -itus: appear, seem
to be

déferéns, -entis: deferent (describing
the main eccentric circle of the Ptole-

maic model, which is “carrying” the
center of the epicycle around)
centrum, -in.: center (from the Greek
#év1pov)
proprius, -a, -um: one’s Own, proper
aequalis, -e: equal; uniform
veélocitas, -atis f.: velocity

aequantés quosdam circulds: in the Ptolemaic model, the equant or “equalizing
point” lies opposite the Earth and at the same distance from the deferent’s center;
although the center of the epicycle cannot travel at a uniform speed around the
deferent, which contradicts a core belief of the Aristotelian worldview, it does
travel at uniform (angular) speed from the perspective of the equant; Copernicus
deems this fictive point an inelegant attempt at “saving the phenomena”

imaginarentur: imperfect subjunctive in a mixed present contrary-to-fact condi-
tional; whereas the subject of sufficiebant is still the implied antecedent of quae, the
implicit subject of imaginarentur is “Ptolemy and very many others everywhere”

quibus: ablative of means and relative pronoun whose antecedent is aequantes

quosdam circulos
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Quapropter non satis absoliita videbatur huiusmodi speculatic neque
rationi satis concinna. Igitur cum haec animadvertissem ego, saepe
cogitabam, si forte rationabilior modus circuldrum inveniri possit,
=

quapropter: for which reason, there- igitur: therefore (normally the second

fore word of a sentence)
satis: (as adv.) sufficiently cdgitd (1): think, ponder
speculatio, -Onis f.: investigation; forte (adv.): by chance

theory (cf. speculation) rationabilis, -e: reasonable, suitable
ratid, -onis f.: reason, logic modus, -1 m.: (here) form, pattern

concinnus, -a, -um: beautiful, elegant  invenis, -ire, -véni, -ventus: find

non satis absoliita: as defined earlier, absoliita means “perfect” or “complete” in
this context; the Ptolemaic model is ad hoc and always in a certain sense “incom-
plete” because, if there are ever discrepancies between the observations and the
predictions, more epicycles can be added (hence the expression “adding epicy-
cles”), not to mention that the equant serves no purpose other than to restore
the principle of uniform motion; unfortunately, although Copernicus was able
to remove some of Ptolemy’s epicycles in his model by centering the orbits at the
sun, he was compelled to add epicycles of his own to remove the equant entirely
(because, as it turns out, the planetary orbits are not circular but elliptical)

huiusmodt: of this kind; a common merging of huius and modi

cum . . . animadvertissem ego: circumstantial cum clause with a pluperfect
subjunctive verb

si: whether, introducing an indirect question with a subjunctive verb; a weaker al-
ternative to the slightly more Classical num
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(continued) € quibus omnis apparéns diversitas dependéret, omnibus

in s€ ipsis aequaliter motis, quemadmodum ratié absoliti motas

poscit.
diversitas, -atis f.: diversity, variety quemadmodum: in which manner;
dépended, -ére, -, — depend on, de- just as

rive from posco, —ere, poposcl, —: require

€ quibus . . . dépendgéret: the antecedent of quibus is the plural circulorum; the
verb is subjunctive as the relative clause is expressing a hypothetical idea (and is
imperfect because the sentence’s main verb, cogitabam, is in the past tense)

omnibus in s€ ipsis aequaliter motis: ablative absolute with subject ommnibus and
PPP motis; note that, as a verb of motion, mofis can be translated (intransitively)
as a perfect active participle; “moving in themselves” means that all circles should
move at a uniform speed from the perspective of their centers, and not from that
of an artificial equant point

ratio absolitt motas: the law of perfect — i.e. both circular and uniform — motion
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Rem sané difficilem aggressus ac péne inexplicabilem obtulit sé
tandem, quémodo id paucidribus ac multd convenientiéribus rébus
quam Olim sit proditum fierT possit, s nobis aliquae petitionés, quas

axiomata vocant, concédantur: quae hoc ordine sequuntur.

saneé (adv.): (here, with adj.) very conveniéns, -entis: appropriate, con-
aggressus, -lis m.: attack; approach sistent, harmonious
péne (adv.): nearly, almost olim (adv.): once, some time ago, in
inexplicabilis, —e: (referring to a prob- the past
lem) unsolvable petitid, -onis f.: (here) postulate
offerd, —ferre, obtuli, oblatus: show, axidma, -atis n.: axiom (from the
present Greek &&iwpo, something “worthy”

tandem: at last, finally, in the end of being assumed)

concédo, -ere, —cessi, -cessus: assent,

quomodo: in which way
concede

multd (adv.): much o
ordo, -inis m.: order

Rem sané difficilem aggressus ac péne inexplicabilem obtulit s&: an approach
to the very difﬁmlt and almost unsolvable matter presented itself 3 aggressus takes an
accusative object as if it were a participle

quomodo: introduces an indirect question with the subjunctive verb possit

quam 6lim sit proditum: than was once put forth; the comparison with paucioribus
and convenientioribus uses quam; note that sit proditum is subjunctive because it is
also dependent on the indirect question

si...concédantur: amixed future-less-vivid conditional with a present subjunc-
tive verb usually translated with “should”; inspired by the axiomatic treatment of
geometry in Euclid’s Elements, mathematicians sought to introduce postulates to
other domains; notably, in his mechanistic philosophy, René Descartes wanted
to deduce a priort all physical phenomena from the simple interactions of funda-
mental (infinitely divisible) particles known as corpuscles

quae: this relative pronoun, which has pefitiones as its antecedent, can be taken as
a demonstrative pronoun

hoc ordine: in the following order, where hoc refers to what comes next
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Prima petitio

Omnium orbium coelestium sive sphaerarum num centrum non
esse.

Secunda petitio

Centrum Terrae non esse centrum mundi, sed tantum gravititis et
orbis Liinaris.

Tertia petitio

Omnés orbés ambire Solem tamquam in medid omnium existentem,

idedque circa Solem esse centrum mundi.

sive: or ambid, -ire, -1vi, -tus: go around

sphaera, -aef.: sphere (from the Greek tamquam: (here, with a participle) as if
ooipar) it were

mundus, -1 m.: world, universe (cf. medium, -ii n.: middle

French “monde”) existo = exsist0, —ere, -stitl, —: exist; be
tantum: only situated
gravitas, -atis f.: weight; attractive jdeg (adv.): for that reason, therefore
force to the Earth, gravity (from id + e, lit. “this from that”)

lanaris, -e: lunar

Prima petitio: there has been some debate as to whether these “postulates” qualify
as such, primarily because some of them overlap or technically follow from other
postulates (e.g. the first can be derived from the second and third); nevertheless,
each of them helps emphasize an important feature of the Copernican system

Omnium orbium coelestium . . . non esse: all the postulates are structured as
indirect statements (as is common throughout scientific Latin works) and can be
translated as a sentence introduced by “that”

Terrae . . . mundi: note the distinction between the “Earth” and the “universe”
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Quarta petitio
Mindrem esse comparationem distantiarum Solis et Terrae ad al-
titidinem firmamenti, quam sémidimétientis Terrae ad distantiam

Solis, aded ut sit ad summitatem firmamentt Tnsensibilis.

comparatid, -onis f.: comparison, re- sémidimétiéns, -entis f.: semidiame-
lation; (with gen. and ad) ratio of ter, radius

(something) to (something) aded (adv.): so far, to such a degree
distantia, -ae f.: distance summitas, -atis f.: highest part, height
altitiido, -inis f.: height, altitude insénsibilis, -e: insensible; impercep-
firmamentum, -in.: (here, describing  tible

the outermost sphere of the stars) fir-

mament

Minorem . . . quam: the comparison uses quam

sémidimeétientis . . . ad distantiam: these words are dependent on their own
implicit comparationem

aded ut: 1o the point that; adeo anticipates a result clause

sit: the subject is the distance between the Sun and the Earth; Copernicus speci-
fies that the diameter of the Earth’s orbit is far smaller than the diameter of the
universe because, otherwise, stellar parallax (the apparent movement of the stars
in the night sky due to the motion of the Earth) would be very noticeable to the
human eye; the latter was one of the arguments in favor of a geocentric model

89



Copernicus: Commentariolus

Quinta petitio
Quicquid ex motd apparet in firmamentd non esse ex parte ipsius,
sed Terrae. Terra igitur cum proximis elementis motd diurné tota

convertitur in polis suis invariabilibus firmamentd immabili perma-

nente ac ultimd coeld.

quintus, -a, -um: ffth

quisquis, quidquid (quicquid): who-
ever, whatever

proximus, -a, -um: nearest

elementum, -i n.: (here) element,

body

converto, -ere, -1, -vVersus: turn
round, rotate

polus, -T m.: pole

invariabilis, -e: invariable, fixed

immobilis, -e: immobile, motionless

permaneo, -€re, -mansi, -mansus:

diurnus, -a, -um: daily remain

totus, -a, -um: (used as a quasi- ultimus, -a, -um: (here) most distant

adverb) wholly; in his/her/its entirety  coelum = caelum

non . . . ex parte ipsius, sed Terrae: not on the part of (or “due to”) itself but the
Earth, paralleling the phrasing of the next postulate

moti diurnd: ablative of means

convertitur: a passive verb of motion with an active, intransitive meaning

in polis suis invariabilibus: in all geocentric models, the sphere of the stars re-
volves, but Copernicus ascribes this apparent movement to the Earth’s rotation
around a fixed axis; since Copernicus, scientists have found that the Earth’s axis
does change slightly over time and can be influenced by human activity (e.g. the
creation of dams)

firmament6 immobili permanente ac ultim6 coeld: an ablative absolute with
the PAP permanente and the nouns firmamento and ultimé coelo
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Sexta petitio

Quicquid nobis ex motibus circa Solem apparet non esse occasione

ipsius, sed Tellris et nostri orbis, cum qué circumvolvimur ceu

aliqué alid sidere, sicque Terram plaribus métibus ferrt.

Septima petitio

Quod apparet in erraticls retrocessio ac progressus non esse ex parte

ipsarum, sed Tellaris. Huius igitur solius motus tot apparentibus in

coeld diversitatibus sufficit.

sextus, -a, -um: sixth

occasione (+ gen.): on account of (abl.
of occasia, -onis f, “occasion”)

tellis, ~iiris f.: Earth (cf. tellurium)

circumvolvo, -ere, -1, -voliitus: re-
volve around

ceu: like, as

plis, pliris: more; (pl.) several (com-
parative of multus, -a, -um; in the sin-
gular, usually only neuter)

erraticus, -a, -um: wandering; planet
(as a feminine substantive and calque
of the Ancient Greek mhdvntec
dotépec, “wandering stars”)

retrocessio, -onis f.: a going back-
ward; (in astronomy) retrograde mo-
tion

progressus, -iis m.: a going forward;
(in astronomy) prograde motion

tot (indecl.): so many

septimus, -a, -um: seventh

ex motibus circa Solem: from the motions concerning the Sun; Copernicus seems to
intentionally distance any mention of the Sun from any actual (i.e. not apparent)
motions

Telliiris et nostri orbis: Copernicus distinguishes between the axial rotation of
the Earth itself and its circumsolar motion caused by its celestial orb or sphere
cum qud . . . aliquo alid sidere: both are ablatives of accompaniment, as we
humans move along or “with” the surface of the Earth and the celestial sphere
during their rotation; the antecedent of qua is Telliiris and nostri orbis

volvimur: like ferri below, volvimur is a passive verb of motion with an active,
intransitive meaning

Terram pliribus métibus ferri: pliribus motibus is an ablative of means; ferri is a
second infinitive of the indirect statement

Quod: its implicit antecedent id is the subject of esse

retrocessio ac progressus: when a planet is on the same side of the Sun as the
Earth, it appears to reverse its course in the night sky and to undergo “retrograde
motion”; the epicycles in the Ptolemaic model were an ancient explanation of
this phenomenon (see Figure 5)

Huius . . . sdlius: of this (Earth) alone; refers to Telliiris
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A4g 1y8IN

Figure 5: In the Ptolemaic system (top), retrograde motion occurs
when the rotation of the epicycle (grey) counters that of the def-
erent. When the path of the planet (red) is traced out, the loops
correspond to these periods of retrograde motion. In the Coper-
nican system (bottom), the appearance of retrograde motion has a
more direct cause, the Earth (blue) overtaking or being overtaken
by another planet (grey or red) in its orbit around the sun.

92



Copernicus: Commentariolus

His igitur sic praemissis conabor breviter ostendere quam 6rdinate
aequalitas motuum servarl possit. Hic autem brevitatis causa
mathématicas démonstrationés omittendas arbitratus sum, maiori

voliimini déstinatas.

praemitto, -ere, -misi, -missus: de- mathématicus, -a, -um: mathemati-

scribe first, set forth (in a previous pas- cal (from the Greek padnuotixée, ul-
sage); (as a feminine substantive PPP) timately from pavdévery, “to learn”)
premise démonstratio, -onis f.: demonstra-

conor, -ar1, -atus sum: try, attempt tion, proof

breviter (adv.): briefly omittd, -ere, -misi, -missus: pass

quam: (here) how over, omit

ordinité (adv.): in order; properly, atbitror, -ari, -atus sum: judge, de-
correctly cide

aequalitas, -atis f.: equality, unifor- voliimen, voliiminis n.: roll of writ-
mity ing; book, volume

brevitas, -atis f.: brevity destind (1): (here, with dat.) devote to,

dedicate to; intend for

His . . . praemissis: with these (postulates) having been set forth or by means of these
premises; can be taken as either an ablative absolute with PPP praemissis or an
ablative of means

quam . . . possit: indirect question with a subjunctive verb

Hic: here, in contrast to the maiori voliimint, which very likely describes his eventual
Dé Revoliitionibus

brevitatis causa: for the sake of brevity

mathématicas démonstritioneés omittendis: an indirect statement introduced
by arbitratus sum; assume an esse to complete the passive periphrastic infinitive
omittendads esse

déstinatas: modifies mathematicas demonstrationes
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Quantitatés tamen semidiametrorum orbium in circuldrum ipsdrum

explanatione hic ponentur, € quibus mathématicae artis non ignarus

facile percipiet quam optimé numeris et observationibus talis cir-

culdrum compositié conveniat.

quantitas, -atis f.: amount; quantity;
magnitude

semidiametros, -1 m.: semidiameter,
radius

explanatid, -6nis f.: explanation

ars, artis f.: art

ignarus, -a, -um (+ gen.): ignorant

(of)

facile (adv.): easily (adverbial form of
Jacilis, -e)

percipio, -ere, -cépi, -ceptus: per-
ceive, understand

optimé (adv.): best, very well (com-
parative of bené (adv.))

observatio, -onis f.: observation

talis, -e: such

€ quibus: its antecedent is circulorum ipsorum

non ignarus: a person not ignorant of ; this negation of a substantive adjective is an

example of litotes

quam . . . conveniat: another indirect question that requires the subjunctive
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Proinde né quis temere mobilitatem Telltiris assevérasse cum
P}‘fthagoricis nos arbitrétur, magnum quoque et hic argumentum

accipiet in circulorum déclaratione.

proinde (adv.): hence, accordingly Pythagoricus, -1 m.: a Pythagorean
temere (adv.): (here) carelessly, with- (Latinization of Iudoryopixdc; see
out thought below)
mobilitas, -atis f.: mobility argiimentum, -1 n.: argument
asseverd (1): affirm declaratio, -onis f.: declaration; ex-
planation

NE . .. arbitrétur: negative purpose clause, often introduced by “lest”

quis: after ne, quis is equivalent to aliquis; this imagined objector is also the subject
of accipiet later in the sentence

assevérasse: syncopation of the perfect active infinitive asseveravisse

cum Pythagoricis: in agreement with the Pythagorians; an ablative of accompani-
ment; the Sth—century BCE philosopher and Pythagorean Philolaus is thought to
have suggested that all planets, including the Earth and the Sun, rotated around
a “Central Fire” always on the opposite side of Greece. Perhaps to satisfy their
desire to have exactly 10 celestial bodies, the Pythagoreans also believed in an "Av-
tlydwv or “Counter-Earth” orbiting diametrically opposite to the Earth. Kepler
would later argue that the Central Fire and the Sun were actually one and the
same, as were the Counter-Earth and the Moon (Granada, 2022). Other Ancient
Greek astronomers who conceived of non-geocentric models were Aristarchus
of Samos (with the first true heliocentric system) and possibly Heraclides of Pon-
tus (with a mixed system where only Mercury and Venus orbit the sun instead of
the Earth)
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Etenim quibus physiologi stabilitatem eius astruere potissimé

conantur, apparentiis plérumque innituntur; quae omnia hic

inprimis corruunt, cum etiam propter apparentiam versémus

eandem.

etenim: for (usually introducing a self-
evident statement)

physiologus, -1 m.: natural philoso-
pher (from the Greek g0oLc, “nature”)

stabilitas, -atis f.: stability

astrud, -ere, -striixi, -striictus: af-
firm; demonstrate, prove

potissimé (adv.): chiefly, especially,
above all

apparentia, -ae f.: appearance

plerumque (adv.): for the most part,
mostly

innitor, -1, -nixus sum (+ dat.): (here)
rely on

inprimis (adv.): especially; first of all;
in the first place

corruo, -ere, -1, —-itirus: fall down,
collapse

propter (+ acc.): (here) by means of

verso (1): (here) turn upside down

quibus physiologi . .

. conantur: a relative clause with quibus being an ablative

of means; the implicit antecedent of quibus (the arguments that philosophers use
to defend geocentrism) is the subject of innttuntur

quae omnia: omnia is modifying the relative pronoun, the antecedent of which is
the (neuter) subject of the previous clause

cum etiam propter apparentiam versémus eandem: since we also turn the same
(stability) upside down by means of appearance; causal cum clause with a present sub-
junctive verb; eandem refers to stabilitatem from the previous sentence; Copernicus
attributes the apparent immobility of the Earth to the fact that we as observers
move alongside it (as an example of relativity)
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Johannes Kepler (1571 CE - 1630 CE) was a fervent supporter of
heliocentrism ever since he encountered Copernicus’s work during
his education at the University of Tiibingen. However, while his
primary interest was astronomy, he practiced astrology as his pro-
fession. A recurring objective in his texts was to find God’s vision
for the universe, as embodied in his geometric a priori explanations
for the structure of the Copernican system. His first attempt, laid
out in the Mysterium Cosmographicum, required an elegant arrange-
ment of Platonic solids: The innermost sphere centered at the Sun
defines the size of Mercury’s orbit and is circumscribed by an oc-
tahedron, which in turn is circumscribed by the sphere for Venus.
Continuing with an icosahedron, dodecahedron, tetrahedron, and
finally a cube, Kepler was able to approximate the ratios between
the distances of the planets to the sun with some accuracy. Fur-
thermore, since only five Platonic solids exist (as proven in Book 13
of Euclid’s Elements, the foundational textbook for geometry), this
construction accounted for the existence of the six planets known at
the time (Di Liscia, 2025).

Much to his chagrin, Kepler had to reject the model in his 1609
Astronomia Nova, once he realized that the planets actually moved
elliptically. In publishing this discovery, he upended a principle that
had defined astronomy for nearly two millennia, namely that the
planetary orbits could be described as compositions of circles. As
he acknowledged in the work’s full title,! this finding was heavily
indebted to the data reluctantly provided by Tycho Brahe from his

Tt reads Astronomia Nova Aitiohéynroc, seu physica coelestis, tradita commentariis dé motibus
stellae Martis ex observationibus G.V. Tychonis Brahe, “A new causative astronomy, or a celestial
physics, delivered in commentaries about the motions of the planet Mars from the observations
of Your Excellence Tycho Brahe.” aitiohéyntoc, a Greek compound for “pertaining to the
investigation of causes,” once again hints at Kepler’s a priori reasoning.
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state-of-the-art observatory (see Figure 1). Tycho had originally
constructed it in an attempt to distinguish between the older, geo-
centric Ptolemaic system and the Copernican model by measuring
the parallax of Mars. This measurement led him to conclude that
Mars could periodically get closer to the Earth than the Earth to the
Sun, which would only occur in Copernicanism. However, instead
of accepting the Copernican system outright, Tycho ultimately con-
structed an equivalent geocentric model through a change of refer-
ence frame that is equally consistent with his measurement. For this
reason, it turns out to be impossible to establish by observation alone
whether the Earth orbits the Sun or vice-versa, revealing a limita-
tion of a posteriori verifications that Tycho relied upon. In contrast,
Kepler favored an a priori approach (Di Liscia, 2025), in which there
exists either a cosmological reason explaining why the universe is as
it is (as was the case in his Platonic solid model mentioned above),
or a derivation of natural phenomena from simple, universal laws
(Gingerich and Voelkel, 2005), such as his three ground-breaking
laws of planetary motion (see Figure 2). Newton later showed that
Kepler’s laws could be reduced to his own, more fundamental, laws

of motion.

Given Kepler’s prominence in the academic debates of his time,
it may come as a surprise that he also tried popularizing his scientific
discoveries in the form of a fictional “dream” involving a journey to
the Moon (Kepler, 1634). This story, the Somnium,> which had been
drafted in 1608 but was only published posthumously in 1634, ini-
tially follows a boy named Duracotus, who returns from an appren-
ticeship in astronomy under the supervision of — uncoincidentally
— Tycho Brahe to his mother Fiolxhildis. She then introduces him

2Full Latin ticle: Somnium, Seu Opus Posthumum DE Astronomia Liinart
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to the daemons of the Moon, summoning one of them to explain
to them how a human could travel to the heavens with explosives,
momentum, and a bit of spectral assistance. The daemon even dis-
cusses lunar astronomy, where the roles of the Earth and Moon are
swapped but the laws of physics remain unchanged, in an instance of
Galilean invariance (this principle allowed Tycho’s aforementioned
repositioning of the center of the universe in the Copernican model).
Indeed, from the Moon, the Earth appears to be an orbiting satel-
lite with lunar phases, hence its name Volva (cf. revolve) among the
daemons. Kepler supplements his tale with over two hundred foot-
notes full of rigorous scientific explanations (and humor). Thanks
to this level of care in the physics, the Somnium is often hailed as the
first work of “hard” science fiction, even though, as Kepler himself
admits, his story shares many elements with Classical literature, in-
cluding: the dream narrative device that is also present in Cicero’s
aptly-named Sommnium Scipionis; the setting of Iceland, which cor-
responds to the ancient mythical island of Thule in the North; and
last but not least the voyage to the Moon itself (Christianson, 1976).
Kepler claims to have been inspired by both Lucian’s Vera Historia,
which very much is not a “True Story” and instead mocks the nat-
ural philosophy of his contemporaries (Boissoneault, 2016), and by
Plutarch’s De facie quae in orbe liinae apparet, which debates the sci-
ence behind the “Face in the Moon” and even proposes a kind of
Cartesian mind-matter dualism (Garriga, 2023).

One particularly prescient footnote in the excerpt below, num-
ber 62, investigates the causes of the tides on Earth. Philosophers in
ancient times generally agreed that the ebb and flow of the ocean,
both in their duration and intensity, depended on the motions and
phases of the Moon, although some, like Aristotle (who according to
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legend became so frustrated with the unpredictable tides of the Euri-
pus straight that he drowned himself in it), instead believed that the
Sun and its warmth induced the displacement of the water through
winds (Tabarroni, 1989). In the footnotes numbered 66, 74, 75, and
78 below, Kepler conceives of a gravitational attraction not only to
the Earth, as Aristotelian physics would contend, but to any massive
celestial body like the Moon. He then correctly attributes the tides
to the tension between such forces exerted by the Earth and Moon.
Indeed, Kepler explains, in a way a modern schoolchild may under-
stand, that the water directly underneath the Moon rises towards it
due to gravitational attraction, causing tidal flow, but, as the Moon
moves away, the ocean ebbs as it falls back towards the Earth. Ad-
mittedly, Kepler doesn’t provide a quantitative model for the tides as
Newton eventually accomplished, and he makes no mention of an-
tipodal tides (caused by the Earth being attracted towards the Moon
more strongly than the oceans opposite to the Moon). Still, Kepler’s
treatment is far superior to Galileo Galilei’s infamous claim that the
tides are the result of the oceans being sloshed around by the moving
Earth, which directly conflicts with the idea that the Earth’s rotation
around the Sun is imperceptible to humans on its surface. Although
Galileo’s other studies were, ironically, devoted to demonstrating the
latter assertion, he chose to frame his theory of the tides as a defi-
nite proof for heliocentrism in his Dialogue Concerning the Two Chief
World Systems, not realizing the contradictions that ensue. Galileo
fixated on having found a mechanistic cause for the tides and ex-
plicitly criticized Kepler’s approach to the tides for requiring an ap-
parently unphysical long-distance interaction between the Earth’s
waters and the Moon (Machamer and Miller, 2021), a charge later
directed towards Newton for his theory of universal gravitation.
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Source Text: Our Latin text comes from Kepler (1634).

Note: The superscripts interspersed throughout the Somnium point
to Kepler’s own footnotes. Due to length considerations, only a sub-
set of them are reproduced here after the main excerpt. Unlike mod-

ern conventions, the superscript precedes the relevant section.
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Kepler: Somnium

Figure 1: Tycho Brahe measuring the altitude of stars using a quad-
rant at his Uraniborg observatory, which was named after the Greek
god of the heavens. Image credit: Utrecht University Library, pub-
lic domain.
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An Overview of Kepler’s Three Laws

Figure 2: Kepler’s three laws of planetary motion are:
* that the orbit of a planet is an ellipse, with the Sun as one of
the foci.

* that, if the lines are drawn from the center of a planet to the
center of the Sun at times ¢ and ¢ + At, the area contained
within these two lines and the elliptical orbit is a constant

dependent on At only and not ¢ (so the areas denoted A; and
Ay are equal). The second law was actually the one Kepler
developed first and, as Newton later showed, is the most gen-
eral, only requiring an attractive force of arbitrary strength
towards a fixed point like the sun. The law implies that plan-
ets accelerate as they approach the Sun (earlier astronomers
had insisted that they should move at a constant speed).

+ that the period of a planet’s orbit is proportional to a2, where
a is the semimajor axis of the ellipse. Unlike the other laws,
which had been published in the Astronomia Nova, Kepler
presented the third law in the 1619 Harmonice Mundi, where
he had to initially guess the exponent that would lead to such
a relationship through a copious amount of data. He later
provided a mathematical justification for it in the Epitome As-
tronomiae Copernicanae (Cohen, 1985).
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Somnium, Seu Opus Posthumum Dé Astronomia Lanari

Daemon ex Levania

53Quinquaginta millibus miliarium Germanicorum in aetheris pro-

fundo 94sita est LEVANIA insula: ®®iter ad eam hinc, vel ex ea in

has terras rarissimé patet: & cum pate

est; =

t nostrae quidem gent facile

somnium, -if n.: dream

seu: or

opus, operis n.: work

posthumus = postumus, -a, -um:
posthumous (superlative of posterus, -
a, -um, literally referring to a text
published “very late”; the word later
became associated with humus, - f,
the “ground” in which an author is
buried)

Astronomia, -ae f.: astronomy

lanaris, —e: of the Moon, lunar

daemon, -onis m.: spirit, demon

Levania, -ae f.: the name of Ke-
pler’s land on the Moon, inspired by
the Hebrew word for “Moon” (71225
levanah, the feminine form of j3%
lavan, “white”)

quinquaginta (indecl.): fifty
miliare, -is n. =
mile-stone; mile

miliarium, -ii n.:

Germanicus, -a, -um: German

aethér, -eris m.: heaven (from the
Greek ai97p, the element of the heav-
ens)

profundum, -1 n.: depth (substantive
form of profundus, -a, -um, “deep”)

situs, -a, -um: (here, with esse) lie, be
situated

iter, itineris n.: journey

hinc: from this place

rarissimé: very rarely (adverbial su-
perlative form of rarus, -a, -um)

pateo, -ére, -ul, — lie open

géns, gentis f.: kind, people

Astronomia: in the Epitome, Kepler argues that, because the name is derived from
the Greek words dotpov, “star,” and vépog, “law” (like economy, from oixoc,
“house,” and vépog), astronomy should be devoted to not only planetary motions

but also the laws that govern them

Quinquaginta millibus milidrium Germanicorum: fifty thousand (of) German
miles; quinguaginta millibus is an ablative of degree of difference; mille takes a gen-
itive, a grammatical construction that is partially present in English (e.g. “thou-
sands of men”); a (geographical) German mile is approximately equal to 7,420
m, so the distance between the Earth and the Moon specified here is roughly
371,000 km (which is close to the actual distance of 384,400 km)

nostrae .

. . gentl: the speaker is one of the lunar daemons that introduces the

protagonist and the reader to its homeworld
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(continued) *"Thominibus vérd transportandis plané difficilimum, &
cum summo vitae periculd coniiinctum: **Nilli 2 nobis sedentarit
adsciscuntur in hunc comitatum, nalli corpulenti, nalli delicati;
sed legimus eds qui aetitem verédorum assidud fisii consiimunt,

aut qui navibus frequenter Indias adeunt, pane biscoctd, allio,

piscibus diiratis, & cibis abhorrentibus victitare suéti.

verd (adv.): in truth; but, and (post-
positive)

transportd (1): carry over, transport

plané (adv.): clearly

periculum, -1n.: danger

coniungd, -ere, -iiinxi, -itinctus (+
cum): bind together with, connect
with

sedentarius, -a, -um: sedentary

adscisco = ascisco, -ere, -scIvi, -scitus:
receive, approve

comitatus, -iis m.: retinue, company
(here, the party of travelers)

corpulentus, -a, -um: corpulent, fat

delicatus, -a, -um: addicted to plea-
sure; delicate

legd, -ere, legi, lectus: (here) select

aetas, -atis f.: lifetime, life

verédus, - m.: fast, light horse

assiduus, -a, -um: constant, frequent

usus, —-us m.: use

consiimo, -ere, -psi, —ptus: consume,
(with respect to time) spend

navis, -is m.: ship

frequenter: frequently

India, -ae f.: India; (pl.) the Indies

aded, -ire, -il, -itus: go to

panis, -is m.: bread

biscoctus, -a, -um: twice-cooked

allium = alium, -ii n.: garlic

piscis, -is m.: fish

diird (1): harden (here describing pre-
served food)

cibus, -1 m.: food

abhorréns, -entis: unusual; repulsing

victitd (1): subsist

suésco, -ere, suévi, suétus: be accus-
tomed

hominibus . .

. transportandis: for fransporting humans; a gerundive phrase that

can be rewritten as the gerund construction homineés transportands (where the

gerund is a dative of reference)

hominibus . . . difficilimum, & .

coniiinctum: assume an est in both

main clauses; coniiinctum est should be translated as est with a PPP (i.e. “it is
connected with” instead of the perfect passive indicative “it was connected with”),
as is quite common in post-Classical works; also in later Latin, double letters could
sometimes be confused with single letters, hence difficilimum for difficillimum

assiduo isii . . . navibus: ablatives of means

Indias: fo the Indies; a preposition is not necessary for names of towns, islands, or,

in this case, a collection of small isles

pane biscocto, . .

. & cibis abhorrentibus: ablative of means with victitare (“to

subsist by means of” or “on” various kinds of supplies)
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%0Inprimis nobis aptae sunt vetulae exsuccae, quibus inde 2 pueritia

trita est ratid, hircds nocturnds, aut furcas, aut trita pallia inequitandi,

traiiciendique per immania terrarum spacia; ' Niilli € Germania viri

apt1 sunt: Hispanorum sicca corpora non respuimus.

inprimis (adv.): especially

aptus, -a, -um: suitable

vetulus, -a, -um: little old (diminutive
of vetus, veteris)

exsuccus = exsiicus, -a, —-um: without
juice, dried out

inde: since; since the very beginning of
(when emphasized with ab)

pueritia, -ae f.: boyhood, childhood

tritus, -a, -um: common, familiar (cf.
trite; see fero below)

ratid, -onis f.: (here) manner, habit

hircus, -1 m.: goat

nocturnus, -a, -um: nocturnal; (here)

by night

furca, -ae f.: fork; (here) pitchfork

terd, —ere, trivi, tritus: rub, wear out

pallium, -if n.: cloak

inequitd (1): ride on

traiicio = traicio, -ere, -iéci, -iectus:
pass through

immanis, -e: immense, vast

spacium = spatium, -if n.: space, span

Germania, -ae f.: Germany

Hispanus, -1 m.: Spaniard

siccus, -a, -um: dry; firm

respuo, -ere, -1, =t reject

vetulae exsuccae: little old, dry women, or, of course, witches; when Kepler’s fa-
ther left the family to enlist as a solider, his mother made a living by producing
and selling pharmaceutical herbs, leading to a witch trial against her from 1611
to 1621. The mother of the protagonist Duracotus is herself a witch, summon-
ing the daemons of Levania. An early version of the Sommnium that may have
been circulated in Kepler’s hometown of Tiibingen at the time could have possi-
bly contributed to the accusation against his mother (American Physical Society,

2015)

quibus . . .

trita est ratid: who have a familiar habit; a dative of possession con-

struction, which can be rephrased as quae . . . tritam rationem habent; trita modifies
ratio and suggests either that this habit is common (i.e. the witches frequently
ride goats and pitchforks), or that the reader is very familiar with it (i.e. Kepler
is alluding to the archetypal activities of witches)

hircos nocturnds . . .

inequitandt: gerund construction with three accusative

objects; inequitandr and traiiciendr afterwards are objective genitives governed by

ratio (i.e. “habit of riding . . . and passing through . . .”)
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62TStum iter quantum est, quatuor ad summum horarum spacid ab-
solvitur. 63Neque enim nobis semper occupatissimis, antea constat
dé tempore eundi, quam Liina ab orientis partibus céperit deficere:

quae ubi tota luxerit, nobis adhiic in itinere haerentibus: irrita red-

ditur nostra profectio.

quantus, -a, -um: however great

quatuor = quattuor

hora, -ae f.: hour

absolvo, -ere, -1, -soliitus: release;
(here) complete

occupatus, -a, -um: occupied, busy

anted (adv.): before (lit., with quam,
“earlier than”)

constd, -are, -stitl, -statdrus: stand
still; (here impersonally with de) it is
settled with respect to, (idiomatically)
be settled

Liina, -ae f.: the Moon

oriéns, -entis m.: the East (in refer-
ence to the “rising” sun)

Cépi = coepi, -isse, -tus: begin

deficio, -ere, -feci, -fectus: be want-
ing; (here, in an astronomical context)
be eclipsed

totus, -a, -um: (used as a quasi-
adverb) wholly; in his/her/its entirety

liiceo, -ére, liixi, —: shine

adhiic (adv.): (here) until now, still

haered, -ére, haesi, haesus (+ in): ad-
here, stick to, fix in

irritus, -a, -um: void, of no effect

reddo, -ere, -didi,
(here) render

profectid, -onis f.: a setting out, de-
parture

-ditus: return;

quatuor . . . hérarum spaci6: spacio is an ablative of time within which govern-
ing the objective genitive quatuor . . . horarum

ad summum: af most

Neque enim: this phrase is the negation of efenim, both of which are used to in-
dicate that a statement is self-evident (neque enim is translatable as “for clearly . . .

not” or “for of course . . . not”)

nobis semper occupatissimis: for us, (who are) ahways very busy

tempore eundt: fime of going or departure

quae: relative pronouns are often used as demonstrative pronouns; in this case, quae
can be translated as “it” or “this”, referring to Liina; a connective to a previous
clause or sentence can precede a conjunction like ubi even if it belongs to the

subsequent clause

nobis adhiic in itinere haerentibus: ablative absolute with n6b7s as the noun and

harentibus as the PAP
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64Tam praeceps occasi6 efficit ut paucds ex hiimana gente, nec alids,

nisi nostri observantissimds comités habeamus. %Ergd hominem

aliquem huius modi agminatim invadimus, omnésque subtus

nitentés, in altum eum tollimus. *Prima quaeque malitio diirissima

ipst accidit.

praeceps, -cipitis: headlong; (here)
fleeting

occasio, -onis f.: occasion, opportu-
nity

efficio, -ere, —féci, -fectus: work out;
(here) produce, bring about

hiimanus, -a, -um: human

observans, -antis (+ gen.): respectful
of (someone)

comes, comitis m./f.: companion

agminatim (adv.): by troops

invado, -ere, -vasi, -vasus: enter vio-
lently, assail; seize

subtus (adv.): below

nitor, -1, nixus sum: bear; advance;
strive, labor

tollo, -ere, sustuli, sublatus: lift, raise

molitio, -Onis f.: a putting in motion,
launch

ipse, -a, -um: (here, simply as a pro-
noun) he, she, it

accido, -ere, -1, — (+ dat.): fall upon,

hit

ut paucds . . . habeamus: a noun clause functioning as the object of efficir

nostrl: an objective genitive governed by observantissimaos

in altum: an idiom for “on high” or “to the sky”

Prima quaeque: an expression for “the very first”
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57Nec enim aliter torquétur ac si pulvere Bombardico excussus
montes & maria tranaret. 68Propterez't Narcoticis & Opiatis statim
in principio sopiendus est, & “membratim explicandus, né corpus 2
podice, caput a corpore gestétur, sed ut violentia in singula membra

dividatur.

aliter (adv.): otherwise opiata, -ae f.: opiate
torqued, -&re, torsi, tortus: twist; statim (adv.): at once
launch (used in Classical Latin both principium, i n.: beginning
for preparing a shot with a spear and
for winding up a formentum, a type of
catapult)

sOpio, -ire, -1v1, -itus: deprive of feel-
ing, make unconscious

. . membratim (adv.): limb by limb
ac: (here, in a comparison) as, than lics (1) unfold
Tvi Iveis 1m0 d explico (1): unfo
pulvis, pulveris m.: powder 5d sdicis m.: b

] . podex, pddicis m.: bute
bombardicus, -a, -um: pertaining to

guns gestd (1): carry off

.o - hak violentia, -ae f.: violence
excutio, -ere, —cussi, —cussus: shake

out, send forth singuli, -ae, -a: individual
)

trand (1): swim, fly over membrum, -1 n.: limb
propterea (adv.): therefore divido, -ere, -visi, -visus: divide; dis-
tribute

narcoticum, -1 n.: narcotic

Nec. . .aliter. .. acsi: not otherwise than if or, more directly, just as if

pulvere Bombardico excussus: a participial phrase modifying the implied subject
“he” of rorquétur and tranaret; pulvere Bombardico is an ablative of means

tranaret: an imperfect subjunctive verb in the present contrary-to-fact protasis of
a mixed conditional

sopiendus est, . . . explicandus: a pair of passive periphrastics; in footnote 69,
Kepler explains that the torso being accelerated by the explosion would collide
with any limbs that lie on top of the body

né. .. gestétur: negative purpose clause, often introduced by “lest”

ut . . . dividatur: purpose clause
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™Tunc excipit nova difficultds, ingéns frigus, & !prohibita
respiratio, “2quorum illi, ingenita nobis vi, & “huic vérd, spongis

hiimectis ad narés admatis, obviam Tmus. “*Confecta prima parte

itineris, facilior redditur vectio.

corpora, maniisque subtrahimus.

Tunc liberd deri expdonimus

excipid, -ere, -cépi, -ceptus: (here)
befall, follow

difficultas, -atis f.: difficulty

ingéns, -entis: immense, vast

frigus, -oris n.: coldness

prohibed, -&re, -ui, -itus: hold back,
restrain

respiratio, -onis f.: respiration

ingenitus, -a, -um: innate

vis, vis f.: (here) power, faculty; (in
physics) force

spongia, -ae f.: sponge (from the
Greek onoyyid)

hiimectus = mectus, -a, -um: damp

naris, -is f.: nostril; (pl.) nose

admoveo, -ére, -movi, -motus:
bring near, apply

obviam (adv.): in the way, against (see
below)

conficio, -ere, -féci, -fectus: com-
plete

vectid, -onis f.: (the act of) transport-
ing

liber, -era, -erum: free

3ér, deris m.: air (from the Greek drp)

expono, -ere, -posui, —-positus (+ acc.
and dat.): expose to, release to

subtraho, -ere, -traxi, -tractus: with-
draw, remove (cf. subtract)

quorum illi . .

. huic verd: the former of which . . . and the latter; these pronouns

refer back to the two issues Kepler listed eatlier and serve as the dative indirect

objects of obviam tmus

ingenita nobis vi: by means of a power innate to us; ablative of means

spongiis hiimectis ad narés admaotis: by means of damp sponges applied to the nose;

ablative of means

obviam Imus: we fight against; obviam with a verb of motion generally describes

an encounter (here, a defensive one)

Confecta prima parte itineris: ablative absolute with prima parte as the noun and

confecta as the PPP
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Atque illa in sésé conglobantur ut aranel: "®quae nos solo feré niitl
transportamus, *'aded ut dénique molés corporea sponte sua vergat
in locum propositum. "®Sed parum naobis est ditilis haec porn, quia

nimis tarda: itaque natu ut dix1 acceleramus; & praecédimus lam

corpus, né diirissimd impacti in Linam damni quid patiatur.

SEsE: emphatic version of sé

conglobd (1): gather into a ball, con-
glomerate

araneus, -1 m.: spider (cf. French

“araignée”)

feré (adv.):

nitus, -us m.: nod; will, power

nearly, almost

propono, -ere, -posui,
place before; intend

-positus:

parum (+ gen. of an adj.): not very
iitilis, -e: useful

nimis (adv.): too
tardus, -a, -um: slow
accelerd (1): accelerate

aded (adv.): so far
dénique (adv.): finally

moleés, -is f.: mass

praecédd, -ere, —cessi, —cessus: go be-
fore, lead the way

impactus, -iis m.: impact

corporeus, -a, -um: corporeal, bodily damnum, -in.: harm

sponte sua: in its own accord, by itself patior, i, passus sum: suffer

vergo, -ere, versi, = turn

quae: the antecedent is illa, which in turn refers to corpora

niitd: in footnote 76, Kepler clarifies that he is referring to inertia, first used in its
modern sense (a body’s inherent resistance to any changes in its motion) in his
own Epitome; Kepler believed that inertia is caused by an active resistive “soul,”
“power,” or niifus, in Latin, that resides in every object (cf. Kepler’s notion of an
anima molrix on page 122)

aded ut: here used temporally as “to the point (in time) that” or simply “until”; in
this phrase, adeo anticipates a result clause

pomiy: a Greek feminine noun (which the feminine haec modifies) meaning “down-
ward motion,” originally in reference to scales tipping; if they were to rely on
inertia alone, the daemons would move at the same speed (i.e. pon) as their pas-
sengers, but they need to find a way to move faster in order to execute the final
step of this journey to the Moon

niti . . . acceleramus: the daemons likely possess a more supernatural “power”
(nirtus) within themselves in addition to “inertia” (also niitus) that allows them to
accelerate, rather than keep the same speed

né. .. patiatur: another negative purpose clause that can be introduced in English
using “lest”

damni quid: anything of harm, or, better yet, any harm; after ne, quis is equivalent
to aliquis; this is a common partitive genitive construction with aliquid
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™Solent hominés, cum expergiscuntur, queri dé ineffabili
membrorum omnium lassitidine; 2 qua sérd admodum sé re-

cipiunt, ut ambulent.

expergiscor, -1, experréctus sum: lassitido, -inis f.: weariness

wake up, awake sér6 (adv.): (here) slowly
queror, -1, questus sum: complain admodum (adv.): completely
ineffabilis, -e: unspeakable (cf. ineffa-  recipic, -ere, -cépi, -ceptus: take
ble) back; recover

ineffabilt: an ablative modifying lassitiidine and bracketing the objective genitive
membrorum omnium
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In Somnium Astronomicum Notae, successivé scriptae inter
annos 1620. 1630.

54. Non sita est, sed natat potius, s1 ad Insulae similitidinem
respicimus.  Sed hic iam ad imaginationem visiis loquendum
fuit. Nam qui in Lina esset, omnind is Linam stare loco fixam

existimaret.

astronomicus, -a, -um: astronomical  imaginatio, -onis f.: visualization (i.e.

nota, -ae f.: (here) note, comment the creation a mental “image”)
successivé  (adv.): successively, in Visus, -lis m.: sight
stages loquor, -1, lociitus sum: speak, express
natd (1): swim; float omnind (adv.): absolutely; in every
potius (adv.): rather respect
similitiido, -inis f.: similarity sto, stare, stetl, status: stand, remain
respicid, -ere, -spexi, ~spectus (+ ad): figo, -ere, fixi, fixus (+ acc. and abl.):
look back at; regard, consider fix in

existimo (1): reckon, think

inter annds 1620. 1630.: between the 1620" (and) 1630™ years; Arabic numerals
ending in a period signify ordinals

Sed hic iam ad imaginationem visiis loquendum fuit: Bur here (and) now it had
to be said, for the visualization of the sight; loquendum fuit is a passive periphrastic in
the past tense; ad can express the purpose for which something is done, e.g. why
Kepler decides to characterize the Moon as a stationary island

Nam qui in Liin3 esset, omnino is . . . existimaret: For whoever is on the Moon
would reckon in every respect . . . ; is refers to qui
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57. Hoc intellige physicé; s1 corpus, cui sua gravitas, horae spacio per
12 millia milliarium rapiatur in altum. Adde privationem aeris (dé

qua Num. 7 1), qua homineés perire necesse est, ut piscés privatione

aquae. =
intelligo = intellegd, -ere, -lexi, addo, -ere, -didi, -ditus: add
-lectus: understand privitid, -onis f.: privation
physicé (adv.): physically (i.e. “scien- Num. = numerus, -i m.: number (re-
tifically”; from the Greek gloic, “na- ferring to Kepler’s footnotes)
tur‘e ) . ' ! ) pereo, -ire, -il, -itilrus: pass away,
gravitas, -atis f.: weight; (in physics) perish
gravity necesse est: it is inevitable that

rapio, -ere, -ui, —-tus: carry off

intellige: an imperative, like adde in the next sentence

s1 corpus . . . in altum: due to the present subjunctive rapiatur, translate this
clause as the protasis of a future-more-vivid conditional; the implicit apodosis is
the situation described in the main text of the Sommnium

cui sua gravitas: which has its own weight; assume an est to complete the dative of
possession construction

horae spacio: within the space of an hour; ablative of time within which

milliarium: a textual variant of miliarium, “(of) miles,” seen at the beginning of
the excerpt; this genitive is again governed by a form of mille

in altum: an idiom for “on high” or “to the sky”

dé qua Num. 71: which Num. 71 (is) abour; assume an est; the antecedent of qua
(in this clause and the next) is privationen; note 71 simply reads, “See Num. 57
above”

privatione aquae: ablative of means
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57. (continued) Nam inter dogmata, quae praestantissimis physicis
accepta ferd, hoc etiam est, Aeris superficiem cum ipsis montium

altissimorum fastigits, aut etiam Inferius, terminari.

dogma, -atis n.: dogma, philosophical physicus, -1 m.: natural philosopher
tenet (from the Greek 8éyua, some-  (or, in modern terminology, “physi-
thing “seeming” to be true) cist”; from the Greek @iotc, “nature”)
praestans, -antis: preeminent, distin- superficiés, -€1 f.: surface, upper part
guished fastigium, -if n.: summit
inferus, -a, -um: low
termind (1): bound

quae praesantissimis physicis accepta ferd: acceptum referre or ferre plus a dative
indirect object (here, praesantissimis physicis) means “to accredit” something to
someone

hoc: in later Latin, hoc is often used to refer to a subsequent indirect statement and
so can be translated as “the following”
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61. Est inter apparatiis iocorum & hoc, ut dum applausum tnius au-
diente alterd captare cénseris, ferias & hunc, & proximum. Laudem
tamen habet, ut Germania corpulentiae & edacitatis, sic Hispania

ingenil & indicit, & fragalitatis. =

apparatus, -iis m.: preparation ut...sic: as...so does

iocus, -1 m.: joke corpulentia, -ae f.: corpulence

applausus, -iis m.: applause edacitas, -atis f.: gluttony

captd (1): strive after Hispania, -ae f.: Spain

cénsed, -ere, -ui, -us: (here) think ingenium, -if n.: genius (cf. ingenu-

ferio, -ire, —, —: strike, knock ity)

proximus, -a, -um: nearest; (here) ifidicium, -if n.: judgment (specifi-
next cally, good judgment)

laus, laudis f.: praise frugalitas, -atis f.: frugality

Est inter apparatiis iocorum & hoc, ut: there is a difference between the preparation
of jokes and this, namely that; hoc points to the subsequent noun clause

audiente alterd: while another is listening; an ablative absolute

Laudem tamen habet: nevertheless holds praise for; habet should not be translated as
“has” in the sense of “receives,” but as “holds” in the sense of “reserves”

Germania corpulentiae & edacitatis, sic Hispania ingenit & iadicil, &
fragalitatis: Germania and Hispania are the subjects of habet; corpulentiae and
edacitatis in the first clause are objective genitives governed by laudem, as are
ingenii, iudicit, and friigalitatis in the next
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61. (continued) In subtilibus igitur scientits, cuiusmodi est Astrono-
mia (& praesertim haec Liinaris, constans positione tnsolentd, st quis
ex Liina spectaret), si pariter annitantur Germanus & Hispanus,

multum hic praevertet. Et libellum igitur hunc praedixi déridiculd

futtirum Germanis, at in aliquo sénst, Hispanis.

subtilis, -e: subtle, exact

igitur: therefore

scientia, -ae f.: science

praesertim (adv.): especially

positid, -onis f.: position

insoléns, -entis: unusual

spectd (1): look

pariter (adv.): equally

annitor, -1, -NiXus sum: press upon;
strive, labor (a strengthening of nitor,

Germanus, -1 m.: German

multum (adv.): very much, greatly

praeverto, -ere, -1, -versus: go before;
surpass

libellus, -1 m.: lictle book (diminutive
of liber, libri m.)

praedico, -ere, -dixi, -dictus: predict;
give notice, warn

déridiculum, -1 n.: mockery, ridicule

sensus, -Uis m.: sense

-1, nixus sum)

cuiusmodt: of which kind; a common merging of cuius and modi
haec Liinaris: this (astronomy) of the Moon; haec refers to Astronomia

constans positione insolentt: standing still because of the unusual position (of the
observer); constans modifies the similarly nominative haec; positione insolenti is an
ablative of cause; Kepler is this time more careful regarding the apparent immo-
bility of the Moon

s1 quis ex Liina spectaret: if anyone were fo watch from the Moon; in a conditional,
quis is equivalent to aliquis

s pariter annitantur Germanus & Hispanus, multum hic praevertet: the
present subjunctives indicate a future-more-vivid conditional; hic here means
“the latter”

deéridiculo futirum Germanis, at . . . Hispanis: will be an object of ridicule
for the Germans and Spaniards; the dative of purpose deridiculo and the datives of
reference Germanis, at . . . Hispanis form a double dative construction; assume an
esse to complete the infinitive futiirum esse of the indirect statement

sénsii: the original text reads censir (from census, -iis m., “census”), but the two con-
sonants were frequently confused for each other in this time period
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62. [ ... ] Sed documentum évidentissimum cognationis huius est

in flixdi & refliixd maris; dé quo vidé intrdductionem meam in com-

mentaria de motibus stellae Martis. Liina in vertice constitiita Oceani

Atlantici, Oceani Australis dictt, Oceant Eo1, Oceant IndicT attrahit

aquas terrae globo circumfusas; =

documentum, -1 n.: example

évidéns, -entis: evident

cognatid, -onis f.: relationship

flixus, -iis m.: flow (in this case, of
tides)

refliixus, -Gs m.: a flowing back;
(again, of tides) ebb

introductid, -onis f. (+ in and acc.):
introduction to

commentarium, -il n.: commentary

motus, -lis m.: movement, motion

stella, -ae f.: star; planet (cf. the An-
cient Greek term TAdvnteS doTépec,
“wandering stars”)

Mars, Martis m.: Mars (of the godand,
here, of the planet)

vertex, verticis n.: top, highest point

constitud, -ere, -1, -litus: set, fix

dceanus, -1 m.: ocean (from the name
of the Greek god "Qxeavde)

Atlanticus, -a, -um: Atlantic (the
ocean past the Atlas mountains)

australis, -e: southern

€dus, -a, -um: eastern (from the Greek
A&og, o, -ov, “of the morning”)

Indicus, -a, -um: Indian

attraho, -ere, -traxi, -tractus: draw
towards, attract

globus, -Tm.: globe

circumfundo, -ere, -fiidi, -fiisus (+
dat.): pour around; (here, in the
pass.) surround

dé quo: the antecedents of the relative pronoun are flixii & refliixii, where the

discrepancy in number is typical

vidé: an imperative

Oceani Atlantici . . . Oceani Indici: partitive genitives for aquds
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62. (continued) qua prolectatione sit ut aquae undique properantés ad
locum spaciosum, terrarumque continentibus non interclisum, qui

Lanae ad perpendiculum est subiectus, détegant littora. =

prolectatio, -onis f.: enticement ad perpendiculum: perpendicularly
undique (adv.): from all sides (from perpendiculum, -i n., “plumb-
properd (1): hurry forward, rush line,” a surveying tool composed of a
spaciosus = spatidsus, -a, -um: spa- string with a lead weight hanging at
cious the end that keeps the string vertical)
continéns, -entis m.: continent (a subicio, -ere, -iéci, -iectus (+ dat.):
substantive form of the present par- throw under, set under
ticiple of contined, -ere, -ui, -tentus, detegd, —ere, ~t&€X1, ~tEctus: uUncover,
“hold together, bound”) expose, lay bare

intercliido, -ere, -cliisi, -cliisus: shut littus = Iitus, -oris n.: shore
off, hinder; (here, for a space) enclose

qua prolectatione: through this enticement; ablative of means, where the relative
pronoun functions as a demonstrative

sit ut: it happens that; the noun clause introduced by ur serves as the subject of sit

ad locum spaciosum, . . . intercliisum, qui. . . estsubiectus: both the participle
intercliisum and the relative pronoun qui refer to the masculine accusative locum
spaciosum
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62. (continued) Interim vérd dum sunt in itinere, Liina 4 vertice Ginfus
Oceant abeunte, agmen aquarum impinggéns in littus Occidentale,
désertumque a tractrice causa, refunditur, littoribusque Orientalibus
vicissim nfunditur. In Harmonicis lib. IV. Cap. ult. déliberavi de

causa insuper alia flixas & reflixis Maris; quae huic quidem connexa

est. Sed ea, quam hic tangd, sufficit Tnstitiitd praesentt. [ . . . ]

interim (adv.): meanwhile

abeo, -ire, -ii, -itus: go away, leave

agmen, agminis n.: a moving for-
wards, (of waters) current

impingo, -ere, -pégi, -pactus: strike,
dash against

occidentalis, -e: western (in reference
to the “setting” sun)

désero, -ere, -ui, -tus: leave, abandon

tractrix, -icis: attractive (the feminine
counterpart to fractor, -0ris m., repur-
posed as a feminine adjective)

refundd, -ere, -fudi, -fiisus: pour
back

orientalis, -e: eastern

vicissim (adv.): on the contrary; (here)
in turn

infundd, -ere, -fudi, -fasus: pour
upon

harmonicg, -&s f.: harmony (from the
Greek dpuovixf; émothun, “music
theory”)

lib. = liber

Cap. = caput, capitis n.: (when refer-
ring to a book or a piece of writing)
chapter

ult. = ultimus, -a, -um: last, final

deliberd (1): deliberate, ponder

insuper (adv.): in addition

connecto = conecto, -ere, —-nexui,
-nexus: connect, relate

tango, -ere, tetigi, tactus: (here)
touch upon, mention

sufficio, -ere, -féci, -fectus: (here) be
sufficient

institiitum, -1 n.: purpose

praeséns, -entis: present, at hand

Liina 3 vertice iinius Oceani abeunte: ablative absolute with the noun Liina

In Harmonicis lib. IV. Cap. ult.: read as in capite ultimo librt quartt Harmonices;
Harmonicis is likely a printer’s error for Harmonices, the expected genitive singular

form of this Greek borrowing

alia: modifies causa; in the Harmonicé, Kepler entertains the idea that the tides bear
witness to the respiration of the Earth, which has harmonized itself with the
motions of the Moon in the same way that the sleep cycles of animals have syn-

chronized with the day-night cycle

quae: the antecedent is the feminine causa; huic also modifies an implicit causae;
both explanations of the tides appealed to Kepler as an astrologer — indeed, a
long-distance force emanated by celestial bodies could be seen as a mechanism
not only for the tides, but also for the planets’ supposed effects on human behavior

or fortune
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66. Gravitatem ego définio virtiite, magnéticae simili, attractionis
miituae. Huius vérd attractidnis maior vis est in corporibus inter sé
vicinis quam in remotis. Fortius igitur resistunt divulsioni Ginius ab

alterd, cum adhiic sunt vicina invicem.

définio, -ire, -1vi, -itus: define vicinus, -a, -um: near, close
virtis, -atis f.: (in physics) force remotus, -a, -um: distant, remote
magnéticus, -a, -um: magnetic (from  fortiter (adv.): strongly
the Greek Mayviinic Moc, a stone  resised, -ere, —stiti, — (+ dat.): resist
with magnetic properties historically

divulsio, -onis f.: a tearing apart, sep-
found in Magnesia) ’ &2 P

cmili ol aration (cf. divulsion)
Stulss, s simrar invicem (adv.): in turn; (here) mutu-

ally

attractio, -onis f.: attraction
miituus, -a, -um: mutual

virtiite, magnéticae simili: simili modifies virtiite, an ablative of means; magneticae
modifies an implicit virtiar; Kepler compares the attractive force of gravity to a
magnetic force, which had been recently investigated by William Gilbert in his
1600 book Dé Magnete — in fact, Gilbert proved that the Earth functioned as a
large magnet, and Kepler postulated that all celestial bodies, in particular the sun,
share a similar anima maotrix (“motive soul”) that could account for the elliptical
orbits of planets. He also assumed that it emanated only along the ecliptic, which
would explain the fact that all planets orbit in the same plane (Cohen, 1985)

attractionis miituae: an appositional genitive governed by virtiite

Fortius igitur resistunt divulsioni Gnius ab alterd: Therefore, they resist more
strongly the separation qf one from another; the comparative of fortiter isfortius
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74. Nimirum ubi corpus éreptum ex orbe virtiitis magnéticae tellfiris

tanto spacio ut iam praeponderet virtls magnetica orbis Liinae.

nimirum (adv.): surely, doubtlessly tellis, -iiris f.: Earth (cf. tellurium)
€ripio, -ere, -ui, -reptus: snatch away, praeponderd (1): be of more weight;
pull out have more influence

orbis, -is m.: orb, sphere; region

€reptum: assume an est to complete the perfect passive verb
tantd spacid: an ablative of degree of difference

ut iam praeponderet virtiis magnética orbis Liinae: result clause, as anticipated
by the earlier ranto
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75.  Suspeénsis virtitibus magnéticis Terrae & Liinae contraria
tractione; perinde est, ac s1 nallum corpus qudoquam prolectaret.
Tunc igitur corpus ipsum, ut totum, trahit sua membra, ut partes

minores toto.

suspendd, -ere, -1, -pénsus: hang; perinde (adv.): in the same manner

(here) suspend, interrupt quoquam (adv.): anywhere
contrarius, -a, -um: opposite prolectd (1): entice
tractio, -6nis f.: pulling trahd, -ere, traxi, tractus: pull

Suspénsis virtiitibus magnéticis Terrae & Linae: ablative absolute with
virtiatibus magneticis as the noun and suspensis as the participle

contraria tractione: ablative of means
perinde . . . acst: in the same manner as if or simply just as if

s. .. prolectaret: again, an imperfect subjunctive verb is required in this present
contrary-to-fact protasis

ut partes mindres totd: as parts (that are) smaller than the whole; this clause parallels
the ut torum earlier in the sentence; 1610 is an ablative of comparison
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78. Initi6 quidem parum; at proximé Liinam valdé multum, ut statim
sequitur. Itemque parum dtilis (plané nihil) annitentibus: nitentés
verd corpus tollere etiam tum iuvat, cum adhiic terra praepollet: Vidé

supra Num. 62.

initium, -i1 n.: beginning iuvo, -are, idvi, idtus (+ acc. and
parum est: (without an adjective) it is ~ inf.): help (someone) to

not sufficient praepolled, -&re, -ui, —: surpass in
valde (adv.): very power
item (adv.): likewise supra (adv.): above

nihil: (as an emphatic non) not at all

Initid quidem parum: assume an est; inifio is an ablative of time when

proximé Linam: very near to the Moon; proxime can take an accusative alone when
describing the proximity to an object

valdé mulcum: very much, in contrast to the previous parum
parum dtilis: again, assume an est; like earlier, it means “not very useful”
annitentibus: for the laborers; this substantive participle is a dative of reference

nitentés: asubstantive like annitentibus above (it even has the same meaning); along
with tollere, it is part of an accusative-infinitive construction set up by invat

Vidé supra Num. 62.: vidé is an imperative again; Kepler refers back to his note
regarding the tides, which serve as proof that the Moon’s gravity does have a
noticeable effect even at the surface of the Earth, where the planet’s own gravity
is far stronger
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Chapter 5 — Leibniz: Dé Arte Combinatoria

The 20%-century physicist and founder of statistical thermodynam-
ics Ludwig Boltzmann once referred to Gottfried Wilhelm Leibniz
(1646 CE - 1716 CE) as “the last man who still could unite the en-
tire knowledge of his time in one single head.” While this remark
was meant to highlight the growing interdependence of scientific
fields and the impossibility of any one scholar mastering them all,
it is also a testament to both the extraordinary breadth of Leibniz’s
knowledge and his ability to draw connections across his areas of

interest.

Most famously, Leibniz shares with Newton the credit for de-
veloping the calculus of differentiation and integration: Not only
did Leibniz’s notation of d (from differentia) and [ (from summa)
become preferable to Newton’s dot notation (i), but his formula-
tion of calculus in terms of infinitesimals has since been formalized
through generalizations? of real numbers (Probst, 2013). The idea
of infinitesimals echoes his metaphysics, which revolved around the
concept of monads, a thing so fundamental that it lacks even spatial
extent (which, according to Leibniz, implies that matter itself is an
illusion) but possesses action and perception to account for macro-

scopic changes and the existence of a soul.

The monadology is in turn dependent on Leibniz’s five great
principles, which he believed could form the basis for all logic (Look,
2020). An example of such a principle is the Principle of Continu-

IThis translation is taken from Boltzmann (1974).

%In the so-called hyperreals, one can define hyperintegers w greater than any natural number
and infinitesimals e = % less than any unit fraction. With some more groundwork, derivatives
and integrals can be directly expressed in terms of infinitesimals (corresponding to limits) and
hyperintegers (corresponding to the number of terms in an integral sum).
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ity, commonly summarized in Latin as natiira non facit saltiis, “na-
ture does not make jumps,” which has its origins in mathematics but
would become most prominent in the Darwinian theory of evolu-
tion (Perrot, 1977). Indeed, Leibniz even published an early work
on geological history, the Protogaea, that correctly identified fossils as
remnants of past life, another insight in Darwin’s work. Of course,
Leibniz was unfortunately held back by the prevailing assumption
at the time that the world was created within a relatively short time
frame, especially when compared to the billions of years accepted
nowadays (Fortey, 2008). In his early legal education at the Univer-
sity of Leipzig, he even tried to apply mathematical principles to the
law (Artosi et al., 2013).

A running thread across many of these varied interests was
Leibniz’s goal to determine, following the Euclidean tradition,
the simplest components or axioms of any physical or intellectual
matter. The seeds of this project were present and already sprouting
quite prominently in Leibniz’s earliest major work, and the one
from which the excerpts in this reader are taken, the Dissertatio De
Arte Combinatoria (Leibniz, 1666),> published when he was only
twenty years old. While the book is mainly devoted to combina-
torial mathematics, it covers a wide range of surprisingly related
topics, including the nature of colors and the number of possible
rearrangements of words in a verse that fit a given poetic meter.

SFull Latin subticle: In qua ex Arithméticae fundamentis Complicationum ac Transpositionum
Doctrina novis praeceptis exstruitur, & iisus ambarum per iniversum scientiarum orbem ostendi-
tur; nova etiam Artis Meditandr, seu Logicae Inventionis semina sparguntur. quﬁ_xa est Synopsis
Tractatits, & additamenti loco Demonstratio Existentiae Det, ad Mathématicam certitiidinem exdcta.
(“In which a doctrine of Combinations and Permutations is constructed from the foundations
of Arithmetic through new principles, and the utility of both is shown through the univer-
sal domain of the sciences; the new seeds for an Art of Thinking, or a Logic of Invention,
are also sown. An outline of the treatise is prefixed, as well as, in the place of an appendix, a
Demonstration of the Existence of God, exact to a Mathematical certitude.”)
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The first excerpt below specifically introduces the fundamentals
for his characteristica universalis or “universal notation” readily intel-
ligible to every reader. The construction of this universal language
was a lifelong mission of Leibniz, inspired by the Ars Magna of the
13 -century philosopher and theologian Ramon Llull, which was
a work on a universal system of logic (Gray, 2018). Leibniz argued
that, in order to be of use for both comprehension (as a practical lan-
guage) and future invention (as the keystone for the toolbox of sci-
ence), the characteristica iiniversalis must encode the building blocks of
philosophical concepts in a straightforward and likely pictographic
way, akin to Chinese or Egyptian scripts. In fact, as an early lin-
guist, Leibniz argued that all modern languages are descended from
a sort of characteristica uiniversalis but have evolved to the point that
the connections between ideas and the symbols representing them
were severed (Hawkins, 2018). Accordingly, he believed that rem-
nants of this universal language still exist or, at the very least, that
there have been attempts at reviving it: For instance, Leibniz inter-
preted the tones of the Chinese language as an auditory realization
of binary numbers, possibly suggesting it was originally created as a
characteristica universalis (Hawkins, 2018), and he hypothesized a re-
lationship between certain Chinese divination symbols and his own

base-2 number system (Sypniewski, 2005).

His brief foray into binary arithmetic and, more importantly, his
desire to construct a machine that could produce and verify all pieces
of knowledge likely qualify Leibniz as an ancestor of computer sci-
ence. In a 1685 letter to Philipp Spener, he wrote, “The only way
to rectify our reasonings is to make them as tangible as those of the
Mathematicians, so that we can find our error at a glance, and when

there are disputes among persons, we can simply say: Let us cal-
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culate, without further ado, to see who is right.” Although Leib-
niz never realized this project, later characterizing it as immature
and overly ambitious, he did construct a prototype for an analog
calculator incorporating multiplication and division, a modest first
step towards modern computers (see Figure 1). Leibniz’s enthusi-
asm for the fantastic capabilities of his hypothetical machine natu-
rally prompted skepticism. Notably, Jonathan Swift’s 1726 Gulliver’s
Travels includes a satirical depiction of such a contraption (see Fig-
ure 2) that would allow “the most ignorant person, at a reasonable
charge, and with a little bodily labour,” to “write books in philoso-
phy, poetry, politics, laws, mathematics, and theology, without the
least assistance from genius or study” (Gray, 2018). Although this
description was meant, at the time, to sound implausible, in retro-
spect it appears eerily prescient of the recent spread of artificial in-

telligence.

In the second excerpt below, Leibniz explains how to calculate
the number of permutations directly by means of factorials, which
he introduces using a humorous word problem concerning the seat-
ing of guests at a table. The three problems that precede it involve
the number of ways to choose k objects out of n, quantities known as
binomial coefhicients, so called due to their presence in the expansion
of a binomial (z 4 y)". Instead of the modern notation (}}), Leibniz
employs the slightly awkward terminology of com2natio, com3natio,
etc. as an etymological generalization of the Latin term com-br-natio.
He initially proposes the recursive formula () = (", ')+ (}Z}) (un-
aware of the independent discovery of this combinatorial identity by
Blaise Pascal) before taking up most of the book to derive the closed-

n

form expression (}) = Wlk)' The mathematical content of the

*This quote and the next are cited in Gray (2018).
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De Arte Combinatoria may seem somewhat lackluster in comparison
to his contributions to the theory of information. Leibniz himself
seems to have been sufhiciently embarrassed by an unofhcial repub-
lication of the dissertation in 1690 to have felt the need to openly
acknowledge his mathematical inexperience when he wrote the De
Arte Combinatoria (Mugnai et al., 2020). However, Leibniz’s com-
binatorial studies turned out to have more far-reaching applications
than even he could have anticipated, such as the Gaussian distribu-
tion, now ubiquitous in statistics, and the entropy calculations of
Boltzmann, central to the development of statistical mechanics and

thermodynamics.

Source Texts: Our Latin text comes from Leibniz (1666), with a
single emendation from Gerhardt (1875):

(& numerentur; fiant & numerentur; fiant deinde

Page 1371 Joinde Lexica) Lexica, ubi voces
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Figure 1: Leibniz’s calculator, dubbed the instriamentum arithmeticum.
Image credit: Theatrum Arithmetico-Geometricum, das ist: Schau-
Platz der Rechen und Mess-Kunst, public domain.
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Figure 2: A depiction of The Engine in the floating city of Lagado

from Gulliver’s Travels. Image credit: Wikimedia Commons, public
domain.
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Dissertatio De Arte Combinatoria
Usiis Probl. L. & I1.

[. . .] Ex his quae dé Arte complicatoria Scientidrum, seu

Logica inventiva disseruimus, cuius quasi praedicamenta eiusmodi

Terminorum tabula absolverentur, =

dissertatio, -onis f.: dissertation

ars, artis f.: art

combinitorius, -a, -um: combinato-
rial

tisus, -iis m.: use, practice; application

Probl. = probléma, -atis n.: problem
(from the Greek mpéBinuc, some-
thing “put forward”)

complicatorius, -a, -um: binding;
combinatorial (from complics (1), “to
fold”)

scientia, -ae, f.: science (not limited to
natural philosophy)

seu: or

logica, -ae f.: logic (from the Greek
rovue, the study of “reason”)

inventivus, -a, -um: inventive

disserd, -ere, -ui, -tus: (here) exam-
ine, discuss

quasi: as if; like; almost

praedicamentum, -1 n.:
predication

cate gory,

terminus, -1: boundary, endpoint; (in
math) term, value

tabula, -ae f.: table (i.e. a data table)

absolvo, -ere, -1, -soliitus: release;
(here) complete, resolve

Ex his quae de . . . disseruimus: from these things which we discussed concerning . . .
or, more idiomatically, from our discussions on . . . ; his is an ablative neuter plural
and the antecedent of the neuter accusative plural quae; take ex his closely with

fluit on the next page

dé Arte complicatoria Scientiarum, seu Logica inventiva: Leibniz is referring
to two applications of his combinatorial art from earlier in this section: in the
sciences, where the four elements of antiquity can combine only in compatible
pairs (e.g. earth and water, but not water and fire); and in the “inventive Logic” or
the study of arguments, where the number of different ways to create a predicate
statement is sought (i.e. a sentence of the order “subject — verb — predicate”)

Arte complicatoria: Leibniz’s preferred term for combinatorics, comprising the
mathematics of combinations (the ars combinatoria referenced in the work’s title)

as well as its applications

praedicamenta: Leibniz references Aristotle’s ten categories or xartnyoptou for the
descriptions of a subject: substance, quantity, quality, conceptual relation, place,
time, relative position, condition, action, and affect

eiusmodi: of such a kind or simply such; a common merging of eius and modr that

goes with tabula

absolverentur: would be resolved; a subjunctive in a relative clause of characteristic
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(continued) fluit velut Porisma, seu iisus XI., “Scriptiira Universalis,”

id est cuicunque legenti, cuiuscunque linguae peritd, intelligibilis,

qualem hodié compliirés viri éruditi tentarunt, [ . . . ]

fluo, -ere, flixi, fluxus: flow, arise,
come forth

velut: even as, like

porisma, -atis n.: corollary (from the
Greek népiopa, something immedi-
ately “gained” from a previous result)

scriptiira, -ae f.: writing, script

tiniversalis, -e: universal

id est: that is (cf. the abbreviation i.e.)

quicumque, quaecumque, quod-
cumque (-cunque): whoever,
whatever; every, each

legens, -entis m.: (substantive PAP of
lego, -ere, legi, lectus) reader

peritus, -a, -um (+ gen.):
in, skillful in

intelligibilis = intellegibilis, -e: un-
derstandable, intelligible

qualis, -e: of which kind, the sort of
which

hodié (adv.): today, in the present

experienced

compliirés, -a: several
eruditus, -a, -um: learned, educated
tentd = temptd (1): (here) try, attempt

fluit velut Porisma: arises like a corollary; the subject of fluit is the subsequent

Seriptiira Universalis

seu iisus XL.: or (as) the 11" application of Leibniz’s combinatorics; Roman or Ara-
bic numerals ending in a period signify ordinals

id est cuicunque legenti, cuiuscunque linguae perito, intelligibilis: intelligi-
bilis is in apposition to Scriptiira Universalis; perito, which modifies the dative of
reference cuicunque legenti, governs the genitive cuiuscunque linguae

qualem hodié compliirés viri éruditi tentarunt: qualem introduces the adjectival
clause; tentarunt is a syncopation of tentaverunt
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Is requirit ut construatur Lexicon Latinum, tanquam fundamentum,
& in ed disponantur voces ordine puré alphabéticé & numerentur;
flant deinde Lexica, ubi voces in singulis linguis dispositae non al-

phabeéticg, sed quo ordine Latinae dispositae sunt ipsis respondenteés.

requird, -ere, -quisivi, -quisitus: voX, vocisf.: (here) word
seek; ask, demand; require 6rd5, -inis m.: order

construo, -ere, -striiXi, -striictus: piiré (adv.): purely; clearly; simply
C_Onsmlc_t ' alphabgticus, -a, -um: alphabetical

lexicon, -in.: lexicon (from the Greek
AeExdv BBAiov)

latinus, -a, -um: Latin

tanquam = tamquam (adv.): as much
as; like, as

fundamentum, -1 n.: foundation, ba-
sis

dispono, -ere, -posui, -positus: set in
order, arrange

numerd (1): number

singuli, -ae, -a: individual

alphabetice: alphabetically (adverbial
form of alphabeticus, -a, -um above)

ipse, -a, -um: (here, simply as a pro-
noun) he, she, it

responded, -€re, -1, -sponsus (+ dat.):
(here) correspond to

Is requirit ut construatur Lexicon Latinum: uf introduces a set of indirect com-
mands (a.k.a. jussive noun clauses, each containing a subjunctive verb) function-
ing as the object of requirit; is refers to the German alchemist and polymath Johann
Joachim Becher, who, in his 1661 work Character, pro notitia linguarum aniversali
(“A style for the universal notation of languages”), proposed the numeric universal
language system that Leibniz here describes and then criticizes — Becher even
includes a numbered list of 10,283 Latin words, from ab to Ziirich!

ordine . . . alphabético: in alphabetical order; the ablative ordine simply means “in
an order”

Lexica: the plural form of Lexicon

ubi voces . . . dispositae non alphabetice: the antecedent of ubi is Lexica; un-
derstand an implied sunt to complete the perfect passive indicative verb dispositae
sunt

quo ordine: in the order in which; introduces a relative clause with the verb dispositae
sunt

Latinae dispositae sunt ipsis respondent&s: respondentes modifies Latinae, which
in turn modifies an implicit voces; ipsis refers to the words of the vernacular lan-

guages
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Scribantur igitur quae ab omnibus intelligi débent numerts, & qui
legere vult, is évolvat in Lexicd sud vernaculd vocem datd numerd

signatam, & ita interpretabitur.

igitur: therefore vernaculus, -a, -um: (in linguistics,

intelligo = intellegd, -ere, -l&xi, referring to a native language) ver-
-1&ctus: understand nacular; non-Latin

numerus, -1 m.: number datus, -a, um: given

evolvo, -ere, -1, -voliitus: unroll; read $igno (1): mark, designate, express
(i.e. roll open a scroll), peruse interpretor, -ari, -atus sum: explain,

interpret; understand

Scribantur igitur quae ab omnibus intelligi debent numeris: scribantur is a jus-
sive subjunctive (“let . . . be written”), with its subject being the implicit an-
tecedent ea of the relative clause introduced by quae; intelligi is a present passive
infinitive with an ablative of agent ab omnibus; lastly, numeris is an ablative of
means in the main clause

qui legere vult, is évolvat: whoever wants to read (a word) should peruse; the pronoun
is refers to qui; again, évolvat is a hortatory subjunctive

signatam: a PPP modifying vocem with an ablative of means dao numero
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Ita satis erit legentem vernaculam intelligere & eius Lexicon
évolvere; scribentem necesse est (nisi habeat finum adhiic Lexicon
suae linguae alphabéticum ad numerds sé referéns) & vernaculam &

latinam tenére, & utriusque Lexicon &volvere.

satis est: it is sufficient referd, -ferre, rettuli, relatus: (here)
scribéns, -entis m.: writer refer
necesse est: it is necessary that tened, -&re, -ui, -tus: hold, keep;
adhiic (adv.): (here) in addition know

uterque, utraque, utrumque: both

satis erit legentem vernaculam intelligere: it will be sufficient that the reader un-
derstand the vernacular (language); satis erit requires the complementary infinitive
intelligere, whose accusative subject is legentem and whose object is vernaculam
(understand linguam)

eius: refers to vernaculam
évolvere another complementary infinitive of satis erit

nisi habeat: unless he should have; a future-less-vivid conditional with a present
subjunctive verb, whose subject is the writer (referred to earlier by scribentem)

sé referéns: modifies the neuter accusative Lexicon . . . alphabeticum, while sé refers
to scribentem

& vernaculam & latinam: both adjectives modify an implicit linguam

tenére . . . €volvere infinitives dependent on necesse est, with scribentem as their
mutual subject
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Vérum & Hispani illius & Becherl artificium & obvium &

impracticabile est: ob synonyma, ob vocum ambiguitatem, ob

évolvendi perpetuum taedium (quia numerds némod unquam

memoriae mandabit), ob tepoyéveiov phrasium in linguts.

vérum: but, however
Hispanus, -1 m.: Spaniard

Becherus, -1 m.: Johann Joachim
Becher (see below)
artificium, -it n.: profession, art;

(here) system

obvius, -a, -um: (here) obvious

impracticabilis, -e: impractical

ob (prep. + acc.): on account of, be-
cause of

synéonymum, -1 n.: synonym (from
the Greek cuvdvupov, a word shar-
ing a “name with” another)

ambiguitas, -atis f.: ambiguity

perpetuus, -a, -um: perpetual, con-
stant

taedium, -it n.: tedium

némo, -inis m./f.: no one, nobody

unquam = umquam (adv.): ever

memoria, -ae f.: memory

mando (1): entrust; (here, with the da-
tive memoriae) commit to memory

phrasis, -is f.: phrase, expression (from
the Greek gpdoic)

& Hispani illius & Bechert: Hispani illius alludes to a Spaniard (whom Leibniz

mentions earlier) who devised a universal language where words are categorized
into classes, which are each denoted by a number, and where the grammatical
cases of words are denoted by additional characters; all Leibniz says about the
identity of the Spaniard is that he was in Rome in 1653, but he is suspected to
be Pedro Bermudo (Mugnai et al., 2020); Becherus is simply the Latin version of
Becher

Ob synonyma . . . ob &tepoyéverav phrasium in linguis: the repetition of ob
is an example of polysyndeton; Leibniz’s problems with Becher’s universal lan-
guage are likely very familiar to any Latin student: two words in a language may
have a slight difference in meaning but are both translated as the same word in
Latin (and hence would be represented by the same number), a word may have
multiple meanings (making its corresponding number ambiguous), the consul-
tation of the glossary may eventually become very tedious, and an idiom may be
not translatable and hence incomprehensible in another language like Latin

gtepoyévewav: accusative singular of the Greek word étepoyévelo, meaning “het-
erogeneity”; note Leibniz’s use of Greek technical terms, which was common
ever since the Roman Republic and especially in philosophical literature
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Veérum constititis Tabulis vel praedicamentis artis nostrae com-
plicitériae maiora émergent. Nam Termini primi, ex quorum
complexii omnés alif constituuntur, signentur notis; hae notae erunt

quasi alphabétum.

constitud, -ere, -1, -iitus: set up, complexus,-iism.: binding; (in Leib-

erected, constructed niz’s usage) combination
€émergo, -ere, -mersi, -mersus: come nota, -ae f.: sign, character

forth, emerge alphabétum, -1 n.: alphabet
primus, -a, -um: (here) primary, fun-

damental

constitiitis Tabulis vel praedicamentis artis nostrae complicatoriae: after the
tables and predications of our combinatorial art have been constructed; ablative absolute
with the PPP constitiitis

maidra: as a substantive, “greater things”
ex quorum complexii: from the combination of which

signentur: should be written; a potential subjunctive
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Commodum autem erit notas quam maximé fierT nataraleés, v.g. pro

ind punctum, pro numeris puncta; pro relationibus Entis ad Ens

lineas, pro variatione angulorum aut termindrum in linels genera

relationum.

commodum est: it is agreeable, it is
convenient

natirilis, -e: natural (i.e., here, with
no artificial barriers to learning, such
as necessary lexicons)

v.g.: for instance (from verbi gratia, “for
the sake of example”)

pinctum, -1 n.: point

relatio, -onis f.: (here) relation

éns, entis n.: thing

linea, -ae f.: line

variatid, -onis f.: variation (used later
on in a mathematical context as “fac-
torial,” because the factorial n! counts
the number of “variations” or permu-
tations of n distinct objects)

angulus, -Im.: angle

Commodum autem erit notas quam maximeé fierT natiralés: commodum erit
introduces the indirect statement with subject notas and present passive infinitive

frert; quam with a superlative adjective or adverb means “as . . .

as possible,” so

uam maximé can be translated as “as much as possible”
q p

pro relationibus Entis ad Ens: for the relations of a thing to a thing; although in use
here and there since Caesar, éns played an important role in the abstract philo-
sophical language of the Scholastics as an artificial present participle for esse and
a literal translation of the Greek participle &v, “being”
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Ea s récté constitiita fuerint & ingenidsé, scriptira haec Giniversalis
aequé erit facilis quam commiinis, et quae possit sine omni lexico

legt, simulque imbibé&tur omnium rérum fundamentalis cognitio.

récte (adv.): correctly simul (adv.): at once

ingeniosé (adv.): cleverly (cf. inge- imbibo, -ere, -1, —: (here) absorb
niously) fundamentalis, -e: fundamental

aequé...quam: as...as cognitid, -onis f.: knowledge

commiinis, -e: common

Ea si récté constitiita fuerint & ingenidsé: a connective to a previous clause or
sentence (in this case, the neuter plural pronoun ea) can sometimes precede s
even if it is a part of the protasis; constitiita fuerint is a common alternative form
of the future perfect passive indicative constitiita erunt (which, in a conditional, is
frequently translated in English using the present tense)

scriptiira haec tiniversalis aequé erit facilis quam commuinis: this universal script
will be as easy as (it will be) common; commiinis is a predicate adjective modifying
scriptiira (implying that this hypothetical language is so practical that it is sure to
be adopted immediately)

quae: the relative pronoun has scriptiira as its antecedent; this relative clause is
causal, as indicated by the subjunctive possit
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Fiet igitur omnis talis scriptiira quasi figliris gedometricis & velut
pictiris, utl 6lim Aegyptit hodié Sinénsés; vérum edrum pictiirae
non redicuntur ad certum Alphabétum seu literas, quo fit ut
incrédibili memoriae affictione opus sit, quod hic contra est.
Hic igitur est Usus XI. complexidnum, in constituenda nempe

polygraphia iiniversalt. [ . . . ]

talis, -e: such litera = littera, -ae f.: letter

figiira, -ae f.: figure

gedmetricus, -a, -um: geometric
(from the Greek vewpetpia, “earth-
measuring”)

quo: for which reason
incrédibilis, -e: incredible, unbeliev-
able

afflictio, -6nis f.: affliction, suffering

pictiira, -ae f.: picture

uti = ut

olim (adv.): once, some time ago, in
the past

Aegyptius, -ii m.: Egyptian

Sinénsis, -is m.: Chinese

rediicd, -ere, -diixi, -ductus: (here)

opus est (+ abl.): there is a need for
contra (prep. + acc.): (here, used
predicatively) the opposite of
complexi6, -6nis f.: combination
nempe (adv.): (here) namely
polygraphia, -ae f.: script (the con-
temporary term for a cryptographic

reduce system; from the Greek moluypaplo,

certus, -a, —-um: fixed, established lit. “much writing”)

olim Aegyptit hodié Sinénsés: assume an ef in between for the sake of clarity, as
well as some verb like “had” or “have done”

edrum: refers to Aegyptit and Stuenses; here, Leibniz is complaining that Egyptian
hieroglyphs and Chinese characters do not employ an alphabet, meaning that
every word must be remembered separately, but his claim is not entirely true:
hieroglyphics have many phonetic glyphs (as later discovered in the 19" century
with the help of the famous Rosetta stone), while many Chinese characters are
compound words (which may, fittingly enough, be considered a demonstration
of Leibniz’s combinatorial art!)

fit ut: an idiom for “it happens that,” where ut introduces a noun clause that func-
tions as the subject of fir

quod hic contra est: the opposite of which is the case here

in constituenda nempe polygraphia Giniversalt: namely in constructing a universal
language; a gerundive phrase that is equivalent to a gerund followed by a direct
object, namely in polygraphiam universalem constituenda
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Probl. IV.

Dato Numero Rérum Variationes Ordinis Invenire

Soltitié: “Ponantur omnés numert ab Gnitate usque ad Numerum
rérum, incliisive, in serié natiirali: factus ex omnibus continué erit

quaesitum.” Ut: estd Tabula i1 quam ad 24 usque continuavimus.

[...]

invenio, -ire, -véni, -ventus: find

soliitid, -onis f.: solution (of a prob-
lem)

initas, -atis f.: unity, one

usque (adv.): all the way

incliisivé (adv.): inclusive

seriés, -1 f.: (in math) series, sequence

factus, -iis m.: result, product (from

continué (adv.): continuously

quaesitum, -1 n.: answer (lit. “the
thing sought,” from quaers, -ere, -sivi,
—situs)

sum, esse, fui, futiirus: (here, with
abl.) be found in

continud (1): do one after another;
continue, extend

_ﬁtcié, -ere, fECl_, ﬁzctus)

Datd Numerd Rérum: with the number of things having been given; ablative absolute

Invenire: fo find; infinitive in a problem statement, grammatically in apposition to
the Probl. IV opening the chapter title

Ponantur omnés numeri ab @initate usque ad Numerum rérum: Let all numbers
be placedﬁom one all the way to the number ofthings

in serié natarali: in a natural sequence; Leibniz tells the reader to order the numbers
from 1 to n in the order of the natural numbers, from least to greatest

factus ex omnibus continué: the product of all (numbers) continuously (i.e. of the
numbers listed above, in order); see below for an explanation of the term factus

esto Tabula i it shall be found in Table 1; esto is a third person singular, future
active imperative form of esse, commonly employed in legal decrees

ad 24 usque: equivalent to usque ad 24, “all the way to 24”
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Table i1: Leibniz’s table of factorials. The tables in his work are
labeled with letters of the Hebrew alphabet. The correct value for
15! is 1307674368000. Image credit: De Arte Combinatoria, public
domain.
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Quemadmodum exponeéns in latere dextro est ratid variationis
datae ad antecédentem.  Ratido soliitionis erit manifesta, s1
démonstraverimus exponentis dati variationem esse factum ex ductii
ipsius in variationem exponentis antecedentis, quod est fundaimentum
Tabulae .

quemadmodum: (here) for instance manifestus, -a, -um: evident, clear
exponeéns, -entis m.: exponent (cf. manifest)

latus, lateris n.: side demonstrd (1): show, prove, demon-
dexter, -tra, -trum: right strate

ratid, -onis f.: reason; (in math) ratio  ductus, -iis m.: (here, the action of)
antecédeéns, -entis: preceding drawing

exponeéns: Leibniz’s term for the argument of a factorial, derived from the fact
that n! is the nth term in a sequence of factorials, in the same way a™ is the nth
term in a geometric sequence

ratid variationis datae ad antec@dentem: the ratio of the given factorial to the pre-
ceding (one); in other words, the ratio of n! = n - (n — 1)! over (n — 1)!, which is
precisely the exponent n

Ratio soliitidnis: the reason for the solution; soliitionis is an objective genitive

s1 démonstraverimus: the future perfect active indicative demonstraverimus is usu-
ally translated in English using the present tense when in a conditional; the verb
also introduces an (italicized) indirect statement with the infinitive esse

factum ex ductii ipstus in variationem exponentis antecedentis: the result from the draw-
ing of itself — i.e. the given exponent — upon the factorial of the preceding exponent;
the area of a rectangle is the product of the lengths of its sides, so, when calcu-
lating the product of the exponent n and the previous factorial (n — 1)!, we can
imagine drawing a segment of length n perpendicularly to an existing segment
of length (n — 1)!, and the resulting area will be the desired product; factus ex
ductii . . . in is therefore a natural description of a product, especially at a time
when the foundation of all math was Euclidean geometry
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Igitur quaerunt quoties datae quotcunque personae iin1 mensae alio
atque alid ordine accumbere possint. Drexelius in Phaéthonte orbis,

seu de vitiis linguae p. 3. c. 1., ubi “de lingua otiosa,” ita fabulam

narrat: Paterfamilias nescioquis 6 ad coenam hospités invitaverat.

quotiés: how often, how many times

quotcunque = quotcumque (indecl.):
however many

persdna, -ae f.: person (originally, the
“mask” of an actor)

meénsa, -ae f.: table

accumbd, -ere, -cubui, -cubitus (+
dat.): lay oneself down on (e.g. on
a triclinium); take one’s place at

Drexelius, -ii m.: Jeremias Drexel (see
below)

Phaéthon, Phaéthontis m.:
Phaethon (famous for riding his fa-
ther Helios’s chariot and crashing it
onto the Earth)

orbis, -is m.: orb, sphere; (here) world

vitium, -ii n.: fault, vice, sin

p. = pars

c. = caput, capitis n.: (when referring
to a book or a piece of writing) chap-
ter

otiosus, -a, -um: idle, pertaining to
leisure

fabula, -ae f.: story, fable

narrd (1): narrate

paterfamilias, patrisfamilias m.: (lit.)

father of the family, (here) head of
household

nescioquis, -quae, -quid: some (lit. “I
do not know who”)

coena = céna, cénae f.: dinner

hospes, hospitis m.: guest

invito (1): invite

datae quotcunque personae: however many given people; subject of quaerunt and

possint

ali6 atque alio ordine: in one order or another or in different orders

possint: subjunctive verb in an indirect question introduced by quories

Drexelius in Phaéthonte orbis, seu de vitiis linguae p. 3. c. 1., ubi “dé lingua
0tiosa”: read the page reference as parte tertia, capite primo, ubi (dicit) “dé lingua
otiosa”; Leibniz cites the book Orbis Phaéthon: sive Dé iniversis vitiis Linguae
(“Phaethon of the World: or about the collective sins of Language”) written by
the Jesuit writer Jeremias Drexel; the work lists a sin corresponding to each Latin
letter — except X, Y, and Z, which are reserved for ways to atone for a wicked
tongue — and each one is exemplified by a fable, one of which (from the chapter
for O, Dé Otigsa Lingua) Leibniz retells here
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HG&s, cum accumbendi tempus esset, npoedpiav sibi miitud déferentes
ita increpat: “Quid? An stantés cibum capiemus? Imd né sic quidem,
quia et stantium necessarius ordo est. Nisi désinitis, tum vero ego
vOs, né conquerl possitis, totiés ad coenam vocabd, quotiés variart

ordo vester potest.”

sibi: (here) to each other
miitud (adv.): alternately, in return,

né . .. quidem: not even
necessarius, -a, -um: hecessary

mutually
defero, -ferre, -tuli, -latus (+ dat.):
bring, transfer, offer

d&sino, -ere, -sii, -situs: cease, stop
verd (adv.): in truth; bue, and (post-
positive)

increpo, -are, -ui, -itus: (here) rebuke

an: (introducing a question that pro-
vides an alternative) or rather

cibus, -1 m.: food

capio, -ere, cépi, captus: (in the con-
text of food) take in

imo = immd (adv.): (with a negative
clause) on the contrary, (in this more
informal tone) nay

conqueror, -1, -questus sum: com-
plain

totiés . . . quotiés: as often as

voco (1): (here) invite

varid (1): vary, change, interchange

vester, -tra, -trum: your (pl.)

Hos, cum accumbendi tempus esset, . . . ita increpat: when it was fime for taking
(their) place, .. .. he rebukes these men thus; hos is the object of increpat; accumbendr
is an objective genitive and a gerund; esser indicates a circumstantial cum clause

npoedplov: accusative singular of the Greek word mpoedpto, which means “privi-
lege of the front seat” or simply “front seat”

stantés: while standing; a circumstantial use of a participle

et stantium necessarius 6rdd est: even the order of the people standing is necessary;
hence, the only possible course of action will be to reconvene each day until each
order has been entertained exactly once

né conqueri possitis: negative purpose clause
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Hic antequam loquerétur ad calculds profectd non séderat, ita enim
comperisset ad 720 variationeés (tot enim sunt dé 6 exponente, utl
Drexelius illic 12 paginis, & in qualibet pagina 3 columnis, & in
qualibet columna 20 variationibus oculariter monstravit) totidem
coenis opus esse; quae etsi continuarentur, 720 diés, id est 10 supra

biennium, absiment.

antequam: before

loquor, -1, lociitus sum: speak
calculus, -1 m.: calculation, count
(originally the diminutive of calx, cal-
cis f, “stone,” because little stones were

used for counting boards)

illic (adv.): in that place (here referring
to a location in Drexel’s book)

pagina, -ae f.: page

quilibet, quaelibet, quodlibet: any,
each, every

columna, -ae f.: column

profectd (adv.): certainly

seded, -Ere, sédi, sessus: sit; (with ad)
assess

ita: (here) if this were so, then

oculariter (adv.): with the eyes; visu-
ally

mdnstrd (1): show

totidem (indecl.): that many

etst: even if (from et + si)

supra: (here, of time) before

comperid, -ire, -1, -tus: obtain
knowledge about, ascertain

ad (prep. +acc.): (here) according to

tot (indecl.): so many

dé (prep. + abl.): (here) on account of,
because of

Hic .

loquerétur: imperfect subjunctive of the deponent verb loguor; the conjunction
antequam presumably takes a subjunctive here under the influence of the sub-
junctive verb in the main clause, even if this subordinate clause does not describe
a hypothetical

biennium, -if n.: two years
absimo, -ere, -psi, -ptus: use up,
consume

.. ad calcul6s . . . non séderat: this man had not assessed the counts

comperisset: he would have ascertained; potential pluperfect subjunctive

12 paginis, . . . 3 columnis, . . . 20 variationibus: all ablatives of means;
Leibniz mentions Drexel’s enumeration of all 720 permutations of “abcdef” across
12 pages, 3 columns, and 20 variations (12 - 3 - 20 = 720)

totidem coenis opus esse: fotidem refers to the 720 variations or permutations;
recall that opus est with an ablative means “is needed”

quae etsI continuarentur: treat the relative pronoun as a demonstrative referring
back to coens; as a connective to the previous clause, quae can precede efsi even if
it belongs to the (present contrary-to-fact) protasis

10 supra biennium: 10 (days) before two years
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Harsdorflerus (Delic. Math. p. 2. sect. 1. prop. 32.) hospités ponit 7,
ita variationeés, coenae, diés erunt 5040, id est anni 14, septimanae 10.
At Georg. Henischius Medicus Augustanus (Arithmeticae Perfectae
lib. 7. pag. 399.) hospites vel convictdrés ponit 12, variationes,
coenae, diés prodeunt 479001600, ita absimentur anni 1312333 &

dies 5.

Harsdorfferus, -1 m.: Georg Phillip
Harsdorft (see below)

Délic. = déliciae, -arum f.: pleasures

Math. = mathématicus, -a, -um:
mathematical (from the Greek podn-
portixde, ultimately from povddvery,
“to learn”)

sect. = sectid, -oOnis f.: (here, of a
book) section

prop. = propositid, -onis f.: proposi-
tion

pono, -ere, posui, positus: (here) put
forward, posit

septimana, -ae f.: week

Georgius Henischius, -if m.: Georg
Henisch (see below)

medicus, -1 m.: physician

Augustanus, -a, -um: pertaining to
Augustus (in reference to Henisch’s
hometown of Augsburg, established
by and named after Augustus)

arithmética, -ae f.: arithmetic (from
the Greek dprdudc for “number”)

perfectus, -a, -um: perfected

lib. = liber

pag. = pagina

convictor, -0ris m.: table companion

proded, -ire, -il, -itus: come forth

Harsdorfferus (Délic. Math. p. 2.

sect. 1.

prop. 32.): a reference to

Delicae Physico—MathEma[icae. Oder Mathematische und Philosophische Erquic/\—
stunden (“Physico-Mathematical Pleasures. Or Mathematical and Philosophical
Refreshment-Hours”), written by the mathematician and poet Daniel Schwenter
and then assembled by the jurist and poet Georg Phillip Harsdérff; among its
many math puzzles is a similar guest-permutation problem

Georg. Henischius Medicus Augustanus (Arithmeticae Perfectae lib. 7. pag.
399.): Leibniz cites another version of the problem from Arithmetica Perfecta et
Démanstrata (“Arithmetic Perfected and Demonstrated”), a math textbook by the
physician, educator, and mathematician Georg Henisch

Arithmeéticae Perfectae lib. 7.: the 7" book of Arithmética Perfecta
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Imo st quis in hoc Exponente tentare vellet, quod Drexelius in
dimidio eius effecit, nempe variationés oculariter experiri, annds

insimeret 110, démto quadrante, et si singulis di€bus 12 horis

laboraret & hora qualibet 1000 variationes efhingeret.

operae st Diis placet!

Pretium

dimidium, -ii n.: a half

efficio, -ere, -féci, -fectus: work out

experior, -1r1, -tus sum: test, prove;
find by experience, discover

insiimd, -ere, -psi, -ptus: (here) use
up

démo, -ere, -psi, -ptus (-tus): take
away, subtract

quadrans, -antis m.: quarter

hora, -ae f.: hour

labord (1): work (cf. labor)

effingo, -ere, -finxi, -fictus: express

pretium operae: (lit.) a reward for la-
bor, worthwhile

placed, -&re, -ui, -itus (+ dat.): be
pleasing, please

s1 quis in hoc Exponente tentare vellet: quis in a conditional functions like
aliquis; the imperfect subjunctive verbs veller (in the protasis), iusiimeret, and
effingeret (in the apodosis) indicate the contrary-to-fact present conditional

quod Drexelius in dimidio eius effécit: the antecedent of quod is the entire pre-
vious clause, and eius refers to expanente (i.e. in dimidio eius means “in half of the
exponent”); Drexel listed out 6! variations, while Leibniz now considers 12!

experitl: a complementary infinitive to vellet, like tentare

demtd quadrante: with a quarter (year) subtracted; ablative absolute

et si: even if

singulis diebus 12 horis: for 12 hours within individual days; while singulis diebus is a
standard ablative of time within which, 12 horis is an example of the (mostly post-
Classical) ablative of extent of time, which is more commonly expressed with an

accusative

hora qualibet: another common ablative of time within which

Pretium operae: assume an est in the main clause

Diis: irregular dative plural form of deus; the plural may be a bit unexpected, but
Leibniz is probably referring to the gods of antiquity (indeed, his references to
the Christian DEUS are normally in all capital letters)
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Chapter6 — Merian: Metamorph5sis Insectorum
Surinamensium

The evocative German name for the tarantula, “Vogelspinne” (liter-
ally “bird-spider”), derives from the binomial name Aranea avicularia
put forward in 1758 by the taxonomist Carl Linnaeus in light of
the spider’s unusual prey, hummingbirds. This discovery was first
made by Maria Sibylla Merian (1647 CE - 1717 CE), a naturalist,
entomologist, engraver, and painter who eventually superseded her
father and stepfather in fame even though they were both accom-
plished artists in their own right. Her skills are evident in her ear-
liest works, the multivolume Neues Blumenbuch and Raupen-Buch,
which document the plants and caterpillars, respectively, native to
Germany. After divorcing her husband in 1684, Merian relocated
with both her daughters to the Netherlands, where she also joined
(and, six years later, left) the Labadists, a sect that had previously
counted the famed poet and scholar Anna Maria van Schurman as
one of its members. In 1699, intrigued by the increasing influx of ex-
otic specimens from the Americas, Merian set off with her 21-year-
old daughter Dorothea to Suriname, a colony under the control of
the western counterpart of the infamous Dutch East India Company
— remarkably, her voyage was largely self-funded through tutor-
ing and the sale of many of her paintings. Sadly, recurrent bouts
of malaria cut the expedition short in September 1701 (Kutschera,
2017). After her return to Europe, Merian began to compile the

1705 Metamorphésis Insectorum Surinamensium,! with 60 annotated

"Full Latin subtitle of the 1719 edition: In qud, practer Vermés & Eriicas Surinaménsés, earumque
admirandam Metamorphosin, Plantae, flores & friactiis, quibus vescuntur, & in quibus fuerunt inventae,
exhibentur. His adjunguntur Biifones, Lacerti, Serpentes, Araneae, aliaque admiranda istius regionis
animalcula; omnia manii eiusdem Matronae in America ad vivum acciirate depicta, & nunc aerT incisa.
Accedit Appendix Transformationum Piscium in Rands, & Ranarum in Piscés. (“In which, be-
sides the Surinamese Worms and Caterpillars, and their wonderful Metamorphosis, the Plants,
flowers, and fruits, which they eat and in which they were found, are shown. Added to these
are the Toads, Lizards, Serpents, Spiders, and other wonderful little animals of this region; all
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images of Amazonian insects and other assorted wildlife. Although
Merian originally wrote the book in Dutch, she must have realized
the potential of attracting a greater scholarly audience with a Latin
edition, given that she had it translated and published in Latin in
the same year (Valiant, 1993). Indeed, this choice was not an un-
common one during the gradual transition from Latin to vernacular
languages in early modern science, especially for less widely spoken
languages. The Latin excerpts included here are from the 1719 edi-
tion, which is identical in most regards to the 1705 edition except
for the addition of twelve new pictures, ten of which were actually
completed by her daughters (Merian, 1719).

Despite her efforts to balance artistic elements with the prospect
for profit (such as through uncolored and hand-painted versions of
the images, sold at different prices) (Schrader et al., 2012), the collec-
tion was not a commercial success, and her research on Surinamese
reptiles and amphibians, which she intended to elaborate on in a
sequel, had to be limited to only the few plates at the end of the
Metamorphasis (Kutschera, 2017). However, as she had hoped, it had
quite a significant impact on the scientific community, establishing
her as a reputable entomologist whose visualizations of species were
often copied, for instance by Linnaeus in his own Systema Natiirae.
Neverthless, Merian’s legacy suffered from mistakes introduced in
translations of her work, as well as unskillful copies of her illustra-
tions. Nineteenth-century naturalists, noticing these inaccuracies,
suspected that Merian was incorrect in her descriptions of, for in-
stance, the bird-eating spider, even though they never undertook a

journey of their own to verify her findings first-hand. Only in the

depicted accurately to life by the hand of the same Matron in America, and now engraved
in copper. An Appendix of the Transformations of Fish into Frogs, and Frogs into Fish, is

added.”)
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past few decades has Merian’s work enjoyed renewed appreciation
(Valiant, 1993).

Merian contributed significantly to the study of the biological
development of insect species. She was an opponent of spontaneous
generation, a remnant of the Aristotelian worldview that had already
become largely obsolete in other fields. In an attempt to explain the
lack of observational evidence for the mating and egg laying of some
creatures like eels or worms, Aristotle, who has often been charac-
terized as a biologist first and foremost, hypothesized that these an-
imals are so simple that they can arise without parents through the
process of spontaneous generation. It was by no means a theory
exclusive to Aristotelianism; even Lucretius occasionally endorses
spontaneous generation in his De Rerum Natira, although usually
in the context of atoms that recombine randomly, without the in-
volvement of gods, until eventually creating a living being that could
reproduce on its own (Lehoux, 2017). During the Middle Ages,
spontaneous generation also became entangled with religious inter-
pretations, with some scientists, such as Jan Goedart, connecting the
spontaneous generation of insects, specifically of the butterfly (be-
lieved to be born from the corpses of caterpillars), to the resurrection
of Christ (Etheridge, 2021). The first major challenge to the theory
came in the form of an experiment conducted in 1668 by Francesco
Redi, who covered glasses containing dead meat with either noth-
ing, or a thin cloth, or a tight seal. Thanks to the observations that
maggots appeared only on the veil in the second case and that they
were completely absent in the third, Redi deduced that the insects
likely did not originate from the glasses’ contents, although Redi still
insisted that insects could potentially generate from living plant mat-
ter, one major oversight of his experiment (Lehoux, 2017). How-
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ever, he was able to finally identify the larval form of flies, namely
maggots, and even their eggs by observing their growth in captivity
(Gottdenker, 1979).

Merian provided similar observational evidence for the elusive
eggs of other species which she immortalized in her art, whether
in her personal journals (which actually predate Redi’s experiment)
or in her published compendiums (Valiant, 1993). For instance, on
the peacock flower of Figure XLV of the (appropriately titled) Meta-
morphasis, she depicts the full lifecycle of an Amazonian moth, in-
cluding the adult, caterpillar, and pupated forms explicitly alluded
to in her description of the image (see the first excerpt below), as
well as the egg drawn on the rightmost leaf, at a slightly exagger-
ated scale. By also noting the duration of the caterpillar’s metamor-
phosis, Merian allowed other naturalists to compare it to their own
measurements, dispelling the theory of spontaneous generation that,
as the name insinuates, was frequently associated with randomness.
Elsewhere, Merian displays a crocodile mother protecting its un-
hatched young, a frog swimming amongst tadpoles (once deemed a
separate species) and its gel-covered eggs, and, in Figure XVIII be-
low, a web-crawling spider carrying its young underneath its body.
She thereby helped relegate spontaneous generation to the realm of
microorganisms, which had been recently discovered using the mi-
croscope, until it was replaced by the germ theory of Pasteur in the
19t century.

Furthermore, Merian’s work indirectly confronted one of the
major issues that emerged alongside the waning influence of Aris-
totle. Descartes, an early figurehead of the Scientific Revolution,
argued that all phenomena, including the vital systems and gen-
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eral behavior of animals, can be understood and predicted through
the laws of nature. An unquestioned universal application of this
mechanistic view would clearly lead to the uncomfortable conclu-
sion that free will would be merely an illusion. Therefore, Descartes
advocated for a mind-body dualism, in which the “mind” is a non-
physical substance on a separate plane from matter that only hu-
mans possess, leaving all other beings, in his words, equivalent to
a clock (Kureethadam, 2017). This frame of mind was reflected in
the tendency of naturalists at the time to collect specimens from dis-
tant lands, then store them in glass cages, and finally illustrate them
with each appendage laid out and labeled like the pieces of an engine
(Etheridge, 2021). Merian’s art pieces are in some ways the converse,
pairing her subjects, alive and well, with the host plant from which
they suck nectar or take leaves — she would have gained this knowl-
edge naturally as she would have had to raise the insects, often in en-
closures, long enough to witness and catalogue their entire lifecycle.
In the text for Figure XVIII, she highlights interspecies encounters,
most visibly the aforementioned spider preying on a mother hum-
mingbird, as well as the relationships between the animals and local
humans, also touched upon in one of the excerpts below. Finally,
Merian recognizes the influence of the climate on the behavior and
specialization of species, possibly foreshadowing the modern eco-
logical perspective often accredited to Alexander von Humboldt and
his Naturgemilde: An animal can only be considered within the con-
text of its environment, which includes not merely its predators and
prey, but also metrics such as pressure and temperature that are de-

pendent on global features like currents and mountain chains.

Source Text: Our Latin text comes from Merian (1719).
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Slavery in the Americas

Figure 1 (facing page): Figure XLV portrays a flower com-
monly employed by female slaves in Suriname as an abortifa-
cient to prevent their offspring, whose father was often their
master, from having to also endure slavery under the policy
of partus sequitur ventrem (“the offspring follows the womb”).
A large part of the agricultural economy in the New World
at the time of Merian still consisted of indigenous slaves, who
were gradually substituted with Africans imported through the
Transatlantic Slave Trade.

In a rare incorporation of the voices of the African slaves,
Merian recounts their belief that death within the Ameri-
cas leads to a joyous resurrection in their home country, a
sentiment vividly relayed by future abolitionist poets such as
William Bowles or S. T. Coleridge (May, 2007). However, de-
spite describing the cruelties of slavery, Merian never directly
promoted abolitionism and in fact relied on slaves who helped
her in collecting specimens and informed her of the customs
of the local population (they are occasionally credited in the
Metamorphasis as “my slaves” or “my Indian”).

The plantation owners, meanwhile, were baffled at her
interest in plants other than the lucrative sugarcane (Polcha,
2022). The European abolitionist movement would only gain
momentum at the end of the 18t century, well after Merian’s
death, and the Dutch Empire was one of the last to abolish slav-
ery, in 1863. Image credit: Metamorphosis Insectorum Surina-
mensium, public domain.

158




Merian: Metamorphdsis Insectorum Surinamensium

159



Merian: Metamorphasis Insectorum Surinameénsium

Bibliography

Etheridge, Kay, 2011. “Maria Sibylla Merian and the Metamorpho-
sis of Natural History.” Endeavour, 35: 16-22.

Etheridge, Kay, 2021. The Flowering of Ecology: Maria Sibylla
Merian’s Caterpzllar—Bool\ volume 3 of Emergence ofNamral His-
tory. Brill.

Gottdenker, Paula, 1979. “Francesco Redi and the Fly Experiments.”
Bulletin oflhe History ofMedicine, 53: 575-92.

Kureethadam, Joshtrom Isaac, 2017. The Philosophical Roots of the
Ecological Crisis: Descartes and the Modern Worldview. Cambridge
Scholars Publishing.

Kutschera, Ulrich, 2017. “Maria Sibylla Merian (1647—1717): Pi-

onierin der Entwicklungsbiology und (")kologie.” Biologie in Un-
serer Zeit, 47: 28=36.

Lehoux, Daryn, 2017. Creatures Born of Mud and Slime: The Wonder
and Complexity of Spontaneous Generation. John Hopkins Univer-
sity Press.

May, Tim, 2007. “Coleridge’s Slave Trade Ode and Bowles’s ‘The
African’.” Notes & Queries, 54: 504-9.

Merian, Maria Sibylla, 1719. Dissertatio de Generatione et Metamor-
phosibus Insectorum Surinamensium. John Carter Brown Library.
URL https://archive.org/details/marisibillmerianOOme
ri_0.

Polcha, Elizabeth, 2022. “Natural Science under Partus Sequitur Ven-
trem.” The Eighteenth Century, 63: 169-84.

Reynolds, Stuart, 2019. “Cooking up the perfect insect: Aristotle’s
transformational idea about the complete metamorphosis of in-

sects.”  Philosophical Transactions of the Royal Society B Biological
Sciences, 374: 20190074.

160


https://archive.org/details/marisibillmerian00meri_0
https://archive.org/details/marisibillmerian00meri_0

Merian: Metamorphasis Insectorum Surinameénsium

Schrader, Stephanie, Nancy Turner, and Nancy Yocco, 2012. “Nat-
uralism under the Microscope: A Technical Study of Maria Sibylla

Merian’s Metamorphosis of the Insects of Surinam.” Getty Research
Journal, 4: 161-72.

Valiant, Sharon, 1993. “Maria Sibylla Merian: Recovering an

Eighteenth-Century Legend.” Eighteenth-Century Studies, 26:
467-79.

161



Merian: Metamorphdsis Insectorum Surinamensium

AA0000077A4

FUNFHUNDERT DEUTSCHE MARK

Deutsche Bundesbork.

®

®
wn
Frmk(murﬁ:n L o
TAugut 991

¥V IHOSLNIA LIFANNHANNA

Figure 2: In 1990, the German Central Bank dedicated the 500-
mark banknote in its BBk III series to Merian, hosting a competi-
tion for the creation of a new portrait template. The obverse has
Nuremberg, her hometown, in the backdrop, while the reverse de-
picts a dandelion from her Raupen-Buch. Image credit: Wikime-
dia Commons, work by YavarPS, licensed under CC BY-SA 4.0
(https://creativecommons.org/licenses/by-sa/4.0/).
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Dissertatio Dé Generatione
Et Metamorphasibus Insectdrum Surinaménsium
Explicatio Figiir. XLV.

Hic Flos Pavonis, planta novem pedum altitidine créscens, flores
prodicit flavos & rubicundds. Sémen mulieribus exhibétur parturi-

entibus, ad promovendds partiis labores:

dissertatio, -onis f.: dissertation Crésco, -ere, Crévi, crétus: grow

generatio, -onis f.: generation, repro-
duction

metamorphosis, -is metamorphosis
(from the Greek petopdppnolc)

insectum, -1 n.: insect (lit. “a seg-
mented thing”)

Surinamensis, -e: Surinamese

explicatid, -onis f.: explanation

figiira, -ae f.: figure

flos, Aoris m.: flower

pavo, -onis m.: peacock

planta, -ae f.: sprout, shoot

novem (indecl.): nine

pés, pedis m.: foot (here, the unit)

altitido, -inis f.: height, altitude;
depth

prodiicd, -ere, -diixi, -ductus: (here)
bring forth, produce

flavus, -a, -um: golden-yellow

rubicundus, -a, -um: red

sémen, séminis n.: seed

mulier, mulieris f.: woman

exhibed, -ére, -ul, -itus: (here) give,
provide

parturio, -ire, -ivi, — be in labor, be
pregnant

promoveo, -ére, -movi, -motus: ad-
vance; incite

partus, -iis m.: offspring; birth, child-
birth

Dissertatio . . .

Surinameénsium: an expanded version of Metamorphosis

Insectorum Surinaménsium, the ornamental Latin title of the Dutch edition

Explicatio Figar. XLV.: The Explanation for the 45! Figure; Roman numerals end-
ing in a period signify ordinals; see Figure 1 above for her illustration

planta novem pedum altitiidine créscéns: a plant growing to a height of nine feet; a
phrase in apposition to Flos Pavonis; altitiidine is an ablative of degree of difference;
the peacock flower (Caesalpinia pulcherrima) has been used in traditional medicine
in Amazon tribes for centuries as a cure to some illnesses and as an abortifacient,

as Merian will soon relate

ad promovendos partiis labores:  this gerundive phrase set up by ad expresses pur-
pose and is equivalent to the gerund construction ad labores partiis promovendum;

note that partiis is in the genitive
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hinc fit ut Indae apud Belgas, in servitiite sua dirius tractatae, eius

ope sibi abortum accersant, liberds tam gravi iugd sibi similés &

pariter mancipia nasci praepeditiirae.

hinc: from this place; (here) hence

Indae, -drum f.: Indian women (i.e.
indigenous women)

apud (+ acc.): among

Belgae, -arum m.: Belgians; Dutch
(as the Low Countries used to collec-
tively be labeled “Belgium”)

servitils, -iitis f.: slavery

tractd (1): handle, treat

ops, opis f.: help

abortus, -iis m.: abortion

accersoO = arcessoO, -ere, -1vi, -1tus:
cause to come, elicit

liberi, -6rum m.: children

iugum, -1 n.: yoke, bonds (of slavery)

similis, -e: similar

pariter (adv.): equally, likewise

mancipium, -iil n.: a taking by
hand; property; (here) slave (cf.
emancipation)

nascor, -1, natus sum: be born

praepedid, -ire, -ivi, -itus: (here,
with acc. and inf.) prevent (someone)
from (some action)

fit . . . ut: an idiom for “it happens that,” where ut introduces a noun clause that
functions as the subject of fir and that takes the subjunctive accersant

dirius tractatae: (reated rather harshly; a circumlocution for sexual assault; diirius is
a comparative adverb from diirus, -a, -um

eius ope: through its — the flower’s — help; ablative of means

liberds tam gravi iugd sibi similés & pariter mancipia nasci praepeditiirae: fo
prevent their children from being born under so heavy a yoke similar to themselves and
likewise as slaves; gravi iugo is an ablative of attendant circumstance; a future par-
ticiple (e.g. praepeditiirae, which modifies Indae) can express purpose or intention
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Servae etiam Nigritae, Surinamum € Guinéa vel Angola delatae, ni
benigné admodum excipiantur, neque procreant, neque expetunt
infantés: quin mortem interdum sibi ipsis consciscunt, ob acer-
bitatem iugi, qud comminiter premuntur; in patria enim sé ab

amicis cum libertate regeneratum iri arbitrantur; veluti hoc ipsae

mihi énarrarunt.

serva, -ae f.: enslaved woman

Nigritus, -a, -um: Black

Surinamum, -1 n.: Surinam (named
after the Surinen people)

Guineéa, -ae f.: Guinea

Angola, -ae f.: Angola

deferd, -ferre, -tuli, -latus: carry
away

ni = nisi

benigné (adv.): kindly, benevolently

admodum (adv.): very

excipio, -ere, -cépi, -ceptus: take;
(here) receive

procred (1): bring forth (cf. procreate)

expetd, -ere, -1vi, -itus: seek, long for

infans, -antis m./f.: infant

quin: (here, as adv.) indeed, in fact

interdum (adv.): occasionally

conscisco, -ere, -scivi, -scitus: de-
cide; (here, with mortem and sibi) kill
oneself

ob (prep. + acc.): on account of, be-
cause of

acerbitas, -atis f.: harshness, severity

commiiniter (adv.): jointly, univer-
sally

premo, -ere, pressi, pressus: press;
oppress

patria, -ae f.: fatherland, homeland

libertas, -atis f.: liberty, freedom

regenerd (1): reborn (cf. regenerate)

arbitror, -ari, -atus sum: (here) be-
lieve

veluti = velut: just as, even as, like

énarrd (1): tell in detail, explain

etiam: links together the servae . . . Nigritae with the Indae from earlier

Surinamum an accusative of place to which, where the preposition is left absent

in the case of place names

ni. . . excipiantur: unless they should be received . . .

indicates a future-less vivid protasis

; the present subjunctive

s€. .. regeneratum Iri: indirect statement introduced by arbitrantur with subject
se and future passive infinitive regeneratum i

ipsae: refers to the enslaved women
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Erticae in hac planta vivunt, caesid colore tinctae, quae virenti eius
fronde natriuntur. Annd 1700. dié 22. Ianuaril quiétae iacents,
mitata forma auréliae factae sunt coloris piinicet; unde Februarii dié

16. cineritiae phalaenae prodiérunt, proboscide sua mel € floribus

stigent@s, qualem superius volantem délineavi.

ériica, -ae f.: caterpillar

caesius, -a, -um: blue-grey (referring
to eye color); (here) spotted

color, -6ris m.: color

ting(), —ere, tinxi, tinctus: wet; soak
in color, paint

virens, -entis: green (from vireo, -ére,
-ut, —, “to be green”)

frons, frondis n.: foliage

niitrio, -ire, -1vi, -itus: nourish, feed

Ianuarius, -if m.: January (named af-
ter the Roman god of entrances,
Janus)

quiéscd, —ere, quiévi, quietus: rest, be
still

iaceo, -ére, -ui, -itiirus: lie

miitd (1): change

forma, -ae f.: form

aurélia, -ae f.: chrysalis (the cocoon of
a caterpillar; both terms derive from
words meaning “gold,” namely the
Latin aurum, -i n. and the Greek
xeuobe, respectively)

puniceus, -a, -um: reddish

unde: from which place, from which,
wherefrom

Februarius, -it m.: February

cineritius = cinericius, -a, -um: ash-
grey

phalaena, -ae f.: moth (from the
Greek word @déAhouva, originally
meaning “whale” or “monster”)

proded, -ire, -il, -itus: come forth

proboscis, -idis f.: proboscis (i.e. the
tubed, trunk-like mouth of an in-
sect; from the Greek word npofBooxlc,
“trunk”)

mel, mellis n.: honey

sligo, -ere, suxi, siictus: suck

qualis, -&: of which kind, the sort of
which

superius (adv.): farther above

volo (1): fly

delines (1): sketch out

caesio colore tinctae: caesio colore is an ablative of means, and finctae is a PPP
modifying ériicae; Merian is likely describing the tobacco hornworm and hawk

moth (Manduca sexta)

Annd 1700. die 22. Ianuirit: In the 1700™ year, on the 22" day of January; anno

and dié are ablatives of time when

quiétae iacentes: PPP and PAP, respectively, modifying the implicit subject of

_ﬁlctae sunt, eriicae

miitata forma: ablative absolute

coloris piinicel: genitive of description

proboscide sua: ablative of means
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Explicatio Figiir. XVIIIL.

Hac Tabula decima & octava araneas, formicas & aviculas Belgis

Colobritgens dictas, in ramd arboris Guaiavae repraesentavi, cum

araheae omnhium maximae plérumque in ista arbore 2 mé repertae

sint.

tabula, -ae f.: (here) picture
decimus, -a, -um: tenth
octavus, -a, -um: eighth

aranea, -ae f.: spider (cf. French
“araignée”)
formica, -ae f.: ant (cf.  French

“fourmi”)

avicula, -ae f.: little bird (diminutive
form of avis, -is f)

Colobritgens (indecl.): a Latinized
name of the humming bird (cf.
the French “Colibri” and German

“Kolibri,” or,
"Kolibritcchen")

ramus, -1 m.: branch

in the diminutive,

arbor, -oris f.: tree

Guaiava, -ae f.: Latin name of the
guava tree, of the genus Psidium

repraesentd (1): represent; (of artists)
portray

plerumque (adv.): for the most part,
mostly

reperid, -ire, -peri (-eri), -ertus: find,
discover

Hac Tabula decima & octava: through this eighteenth (lit. “ten-and-eighth”) Pic-
ture; ablative of means; see Figure 3 in this chapter for the artwork

Belgis: dative of agent with the PPP dictas, which is used attributively

cum . . . repertae sint: causal cum clause with a perfect subjunctive verb
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Figure 3: See the commentary on the next few pages for identifi-
cations of the species included in Figure XVIII. Image credit: Meta-
morphosis Insectorum Surinamensium, public domain.
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In proximeé sequenti ﬁgﬁri XIX. iterum Guaiavam cum 1hsectis suis

propositiira, dé ea nunc taced, ad araneas mé converténs.

proximé (adv.): next; (here) immedi- taced, -€re, -ui, -itus: be silent, say

ately nothing
iterum (adv.): again convertd, -ere, -1, -versus (+ ad): turn
propono, -ere, -posui, —positus: put to

forth, display

sequentl: although a PAP usually has -ente as its ablative singular ending, the more
typical i-stem adjective ending -enfi occurs when it is used as a non-verbal ad-
jective (e.g. “following” with the sense of “next” dominating)

propositiira: (being) about to display; a future active participle modifying the subject
of taced, Merian herself (explaining the feminine gender)

ea: refers to Guaiavam; in the description of figure XIX (see Figure 4), Merian
specifies, among other features of the guava tree, its height (“as great as an apple
tree in Germany,” Quantam in Germania malus), the color of its flowers (“milky-
white with golden stamens,” lacter . . . flavescentibus staminibus) and fruits (“a
delicate sulfur-yellow rind . . . red flesh,” cortice teneriore sulphures . . . carnem . . .

rubicundam), its seeds, and its dispersion (“alone and in forests,” sponte & in sylvis)

ad araneas me converténs: furning (myself) to spiders; the participle again modifies
the subject of taced
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Figure 4: According to the curator’s comments at the British Mu-
seumn, the caterpillar forming the focal point of Figure XIX is a
member of Megalopyge lanata. Merian cites and calls into question
the ultimately false conjecture made by one of the earliest micro-
biologists, Antonie van Leeuwenhoek, that a caterpillar’s tubercles
(here, the red dots) are its eyes. Image credit: Metamorphosis Insecto-
rum Surinamensium, public domain.
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Istiusmodi magnas nigrasque araneas in Guaiava arbore pliirimas
inveni, quibus globosus ille nidus, telam érlicae in sequenti figiira
exhibéns, praebet domicilium: non veérd, prout a quibusdam

peregrinatdribus nobis obtradi coepit, longiores télas dacunt.

niger, -gra, -grum: black verd (adv.): in truth; but, and (post-
plirimus, -a, -um: most (superlative positive)
of multus, -a, -um) prout: just as, in the way that (from pro
invenio, -ire, -véni, -ventus: find + ut)
globosus, —a, -um: spherical peregrinator, -Oris m.: traveler
nidus, -1 m.: nest obtriido, -ere, -triisi, -triisus (+ dat.):
téla, -ae f.: web (here, the cocoon of a (here, concerning false knowledge)
caterpillar) force upon
praebed, -€re, -ui, -itus: provide coepi, -isse, —tus: begin
domicilium, -ii n.: home (cf. domi- d@cd, -ere, daxi, ductus: (here) pro-
cile) duce, construct

istiusmodi: of that kind; a common merging of istius and modr
quibus: o whom; dative of respect, like the subsequent ériicae

in sequenti figiira: i.e. figure XIX
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Undique pilis téctae sunt, munitae Insuper aciiminatis dentibus,
quibuscum gravissimé morsitandd periculdsa infligunt vulnera, his
ipsis simul hiimore quodam inftiso. Commiinis ipsarum &sca sunt

formicae, praeda, dum in arborés excurrunt, haud facile effugiéns;

undique (adv.): from all sides; com-
pletely

pilus, -T m.: hair

tego, -ere, t€Xi, teéctus: cover

miinio, -ire, -1vi, -itus: defend, arm;
furnish, provide

insuper (adv.): inaddition to, as well as

acuminatus, -a, -um: pointed

déns, dentis m.: tooth

morsitd = morsico (1): bite

periculdsus, -a, -um: dangerous

infligo, -ere, -flixi, -flictus: strike;
inflict

vulnus, vulneris n.: wound

simul (adv.): at once, at the same time

hiimor, -6ris m.: liquid (here, venom)

infundo, -ere, -fidi, -fiisus (+ acc.
and dat.): pour into, infuse into

commiinis, -e: general, common

esca, -ae f.: food

praeda, -ae f.: (here, in the context of
animals) prey

dum: (here) even while

excurro, —ere, —cucurri, —cursus: run

forth

haud (adv.): not atall

facile (adv.): easily (adverbial form of
Jacilis, -e)

effugio, ere, -fugi, -fugitiirus: flee
away, escape

pilis . . . aciminatis dentibus: both are ablative of means

miinitae: PPP modifying the implicit subject araneae

quibuscum: equivalent to cum quibus and should be treated as an ablative of means

morsitand: by biting; gerund and ablative of means

his ipsis simul hiimore quédam infiisa: ablative absolute with the noun hiimare
quodam and PPP infiiso; his ipsis (referring to the vulnera) is a dative indirect object

governed by infiiso

praeda . . . haud facile effugiéns: a prey (that) escapes not at all easily; a phrase in

apposition to formicae
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quod more omnium aranearum octd oculis Tnstriictae sint, quorum

bint stirsum, bini deorsum, bini ad dextram, bini dénique ad sin-

istram spectant. Formicarum défectd, ipsas € nidis tollunt aviculas,

omnemque corpusculis crudrem exstigunt.

more (+ gen.): in the manner of, like

octd (indecl.): eight

instriictus, -a, -um: furnished, pro-
vided (from instrus, -ere, -striixt, -
strifctus)

bini, -ae, -a: a pair, two

upwards

deorsum (adv.): downwards

stirsum (adv.):

dextra = dextera, -ae f.: right side
dénique (adv.): finally

sinistra, -ae f.: left side

spectd (1): look, face

deéfectus, -is m.: (here) disappearance,
absence

tollo, -ere, sustuli, sublatus: lift, raise;
take away

corpusculum, -in.: little body (here of
an animal, but in a philosophical con-
text an atom)

cruor, -oris m.: blood

exsiigo, -ere, -siixi, -siictus (+ dat.):
suck out from

quod . . .

octd oculis instriictae sint: because . . .

thcy are furnished with eight

eyes; quod here means “because,” so it can take the subjunctive sint; octo oculis is

an ablative of means

Formicarum défectii: ablative of attendant circumstance describing the situation
in which spiders (like the pink-toe tarantula depicted, whose scientific name,
adapted from the one provided by Linnaeus in 1758, is fittingly enough Avicularia

avicularia) hunt hummingbirds
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Pellem quidem parl modd ac ériicae subinde mitant; nunquam
tamen volantés reper. Minus aranedrum genus, quale télae in-
haeréns délineatur, 6vula gerit sua sub ventre in placenta quadam,
ubi etiam excliduntur foetlis. Pariter octd oculis miniuntur, qui
tamen hinc inde & confusé magis quam in istis maioribus locati

sunt.

placenta, -ae f.: (lit.) cake; disk (cf.
placenta; from the Greek mhaxéerg, -
eooa, -ev, “flat”)

pellis, -is f.: skin
par, paris: equal, same
ac: (here, in a comparison) as

subinde (adv.): (here) now and then,
frequently

nunquam = numquam (adv.): never

inhaered, -ére, -haesi, -haesus (+
dat.): cling to, hang on

ovulum, -in.: little egg (diminutive of

exclidd, -ere, -cliisi, -cliisus: (here)
hatch

foetus = fétus, -Gs m.: young, off-
spring

hinc (et) inde: here and there, in all di-
rections

ovum, -i confiisé (adv.): in disorder

locatus, -a, -um: placed, arranged

(from loco (1))

gero, -ere, gessi, gestus: carry
venter, -tris m.: belly (cf. French
“ventre”)

quidem pari modo ac €riicae: indeed in the same way as caterpillars

qui: its antecedent is octd oculis and introduces a relative clause with the verb locart
sunt

confiise magis quam in istis maidribus: in more disorder than in those larger
(spiders); magis is a comparative adverb modifying the adverb confiise, and the
comparison uses quam; the smaller spider pictured in the top-left is likely an
orb-weaver spider, famous for its circular webs that they destroy and rebuild
daily — like other smaller spiders, they can even produce little silk kites to
“balloon” through the air (first reported by Martin Lister, to whom Merian may
be responding when she says that she never saw any spiders flying [Etheridge,
2011])

174



Merian: Metamorphasis Insectorum Surinameénsium

Praegrandes in America dantur formicae, quae integras arborés ina

nocte ita fronde sua nidare possunt, ut scopas non arborés referant.

Binis sunt armatae curvis dentibus, forficis nstar sé ipsos intersecan-

tibus;

praegrandis, -e: very large, very pow-
erful

America, -ae f.: America (named after
Amerigo Vespucci)

do, dare, dedi, datus: (here, in the
pass.) be said

integer, -gra, -grum: entire

niido (1): (here, with abl. of separa-
tion) strip of

scopa, -ae f.: twig, branch

referd, -ferre, rettull, relatus: bring
back; report; (here) restore, produce
again

armatus, -a, -um: armed, equipped
(from arma (1))

curvus, -a, -um: curved

forfex, forficis f.: scissors

instar (+ gen.): like

interseco, -are, -ui, -tus: (here) inter-
sect

Praegrandes . . . dantur formicae: ants are said (to be) very powerful

ina nocte: ablative of time within which; here Merian is describing leafcutter
ants, which can be a notorious agricultural pest in the region

ita...ut: insuch a way that; ita anticipates a result clause

intersecantibus: the participle is in the ablative because it is modifying the ablative

of means curvis dentibus

175



Merian: Metamorphasis Insectorum Surinameénsium

hérum ope sic arboris resecant folia, ut in terram décidant, arbor
vérd appareat nida, qualis in Eurdpa ab hyeme reddita cernitur.
Décidentem in tellire frondem millénae excipiunt formicae, hanc

exspectantés praedam, in nidos haud pro natritione sua, sed tenellis

foetibus, adhiic vermiculis, statim déferendam.

reseco, -are, -ul, -tus: cut off
folium, -iin.: leaf (cf. French “feuille”)
décido, -ere, -1, — fall down
appareo, -ére, -ui, -itus: appear
niidus, -a, -um: naked, bare (cf. nude)
Europa, -ae f.: Europe (named after
the mythical Europa)
hyems = hiems, hiemis f.: winter
reddo, -ere, -didi,
(here) render
cerno, —ere, Crévi, Crétus: see (cf. dis-
cern)

-ditus: return;

tellds, -iiris f.: earth (cf. tellurium)

milléni, -ae, -a: thousand

exspectd (1): (here) look upon, con-
sider

niitritio, -onis f.: nutrition, nourish-
ment

tenellus, -a, -um: tender; (more ap-
propriately for gross larvae) young

adhiic (adv.): still

vermiculus, -1n.: little worm, maggot
(diminutive of vermis, -is m.; cf. ver-
min)

statim (adv.): at once

horum ope: with the help of these (teeth); ope is an ablative of means

sic. .. ut: insuch a way that; like above, sic anticipates a result clause

qualis in Europa ab hyeme reddita cernitur: the sort of which is seen in Europe to
be rendered by the winter; reddita is a predicate nominative with cernitur

praedam . .
participle modifying praedam

. déferendam: prey to be carried away; déferendam is a future passive
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Perinde enim ac culicés, sémina ponunt alatae formicae, unde ver-
miculi sive acar duplicis generis excliduntur, aliis edrum télae semet

involventibus, aliis & plérisque in nymphas transeuntibus.

perinde (adv.): in the same manner sémet = s&
culex, culicis m.: gnat involvd, -ere, -1, -voliitus (+ acc. and
pond, -ere, posui, positus: (here, in dat.): wrap with, envelop with
the context of eggs) lay plérusque, -aque, -umque: most
alatus, -a, -um: winged nympha, -ae f.: nymph (from the
sive: or Greek word viuer)
acarus, -1 m.: mite (from the Greek transed, -ire, -ii, -itus: (here) be
word ocopf) transformed

duplex, duplicis: twofold

sémina: the Dutch edition reads “zaad,” which also refers exclusively to seeds (i.e.
plant “eggs”), and this word choice likely alludes to the visual similarity between
seeds and ant eggs (as opposed to bird eggs)

aliis edrum . . . involventibus, aliis & plérisque . . . transeuntibus: ablative
absolutes with the nouns aliis and aliis & plerisque and the respective participles
involventibus and transeuntibus; alits eorum . . . aliis should be translated as “some
of them . . . others”
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Hae nymphae illud ipsum sunt, quod rel ignari formicarum 6va
nuncupant; cum haec multd sint minéra, illae ad natriendas Suri-
nami gallinas faciant, meliusque his vel avéna vel horded pabulum
praebeant. Prodeunt ex nymphis formicae, quae mutata pelle flunt
alatae, & tum ponunt ovula, vermiculds istds prodiicentia, quorum

nhtritioni tanta alacritate invigilant formicae:

ignarus, -a, -um (+ gen.): ignorant melior, -ius: better (comparative of

(of) bonus, -a, -um)
ovum, -1n.: egg avéna, -ae f.: oats
nuncupd (1): call hordeum, -1 n.: barley
multd (adv.): much pabulum, -1n.: food
gallina, -ae f.: hen alacritas, -atis f.: liveliness, eagerness,
facio, -ere, féci, factus (+ ad): be use- zeal
ful for invigild (1): watch over

illud ipsum . . . quod: that very thing which; quod introduces a relative clause with
antecedent illud; ipsum is simply used for emphasis; the predicate illud ipsum does
not match the number of the corresponding subject hae nymphae; Merian seems
to criticize the Aristotelian proposition of William Harvey that the nymphs of
insects should be considered eggs, specifically as a second step in a larva’s devel-
opment from a spontaneously generated “imperfect” egg to its perfected adult
state (Reynolds, 2019)

cum haec mult6 sint minora, illae ad niitriendas Surinami gallinas faciant:
since the latter are much smaller, the former should be useful for feeding the hens in Suri-
name; the neuter plural haec (“the latter”) refers to ova while the feminine plural
illae (“the former”) refers to nymphae; nistriendas Surinami gallings is a gerundive
phrase equivalent to gallinas Surinamt niitriendum, where Surinamtis a locative; sint
is a subjunctive in a causal cum clause, while faciant is a hortatory subjunctive

meliusque his vel avéna, vel horde6, pabulum praebeant: and they should pro-
vide better food to these (hens) than cither oats or barley; melius is a comparative
adjective modifying pabulum and avena and hordeo are ablatives of comparison;
praebeant is again a hortatory subjunctive

mutata pelle: with the skin having been changed; ablative absolute

quorum nitritioni tantd alacritate invigilant formicae: the antecedent of
quorum is vermiculos; the compound verb invigilant takes the dative niitritiont; tanta
alacritate is an ablative of manner; leafcutter ants actually do not feed the collected
leaves to their larvae, but rather to a fungus (Leucoagaricus gongylophorus) that
they cultivate in a mutualistic relationship as food for their young
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in calidis etenim illis regionibus adversus frigora futiira nén opus
est quod sibi prospiciant, quoniam niilla unquam ibi régnat hyems.

Cavernas in terris excavant ad octd pedum altitidinem, tam

concinné efformatas, ut hiimanae artis opus dicerés.

calidus, -a, -um: hot

etenim: for (usually introducing a self-
evident statement)

regid, -onis f.: region

adversus (adv.): against

frigus, -oris n.: coldness; (pl.) the cold

futiirus, -a, -um: future, coming
(from the future active participle of
esse)

opus est: it is necessary

prospicid, -ere, -spexi, -spectus: (in-
trans. with dat.) look out for, take
care of

quoniam: since

unquam = umquam (adv.): ever
ibi (adv.): there

régno (1): rule

caverna, -ae f.: cavern

excavd (1): hollow out, excavate
concinné (adv.): beautifully, elegantly
efformo (1): shape

hiimanus, -a, -um: human

ars, artis f.: art

opus, operis n.: work

adversus frigora futiira: take closely with sibi prospiciant

quod sibi prospiciant: quod introduces a noun clause, which grammatically func-
tions as the subject of opus est, but it can be taken together with opus est as “it is

necessary that”
efformatas: a PPP modifying cavernas

tam. .. ut. .. dicerés: so. ..

that you might call (it); tam anticipates a result

clause; diceres is imperfect because the result clause is subordinate to a participial

clause in the perfect tense
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Quod st alirsum transmigrare cupiunt, non data ad edusque

perveniendum via, pontem hdc sibi struunt modd, ut prima alicubi

dentibus liono infixis quiéscat, secunda pridrem sequatur eique
g q q q

adhaereat firmiter, tertia riirsus secundae, quarta denud tertiae =

quod si: butif alicubi (adv.): somewhere

aliorsum (adv.): elsewhere lignum, -1 n.: wood

transmigrd (1): migrate infigo, -ere, -fixi, -fixus (+ dat.):

cupio, -ere, -1v1, -itus: want drive in, fasten in

edusque (adv.): all the way to that prior, prius: first, previous
place.(_frorzl €5+”_‘5‘1'_”") adhaered, -ére, -haesi, -haesus (+

pervenid, -ire, -véni, -ventus: come  da¢.): cling to, hang onto

to, arrive at

pons, pontis m.: bridge

struo, —ere, struxi, strictus (+ acc. and
dat.): make by joining (something)
together

firmiter (adv.): firmly
riirsus (adv.): again
denud (adv.): again, once more

non data ad edusque perveniendum via: ablative absolute with the noun via
and the PPP daid; notice the use of the (accusative) gerund with ad to express
purpose in ad edusque perveniendum; Merian is now writing about a different kind
of ant, the army ant, which, during its recurring raids, can completely freeze
its body and provide an attachment point for other ants that follow; using this
process, army ants create not only short bridges, but also large, spherical nests
called “bivouacs”

hoc . . . mod6, ut: in the following way, namely; in later Latin, hic, haec, hoc is often
used to refer to a subsequent clause, often a noun clause introduced by ur (here
with the subjunctive verbs quigscat, adhaereat, exponant, and mserviant)

prima . . . secunda pridrem . . . tertia . . . secundae, quarta . . . tertiae: all
the ordinals in this clause modify an implicit formica in the appropriate case

dentibus ligno infixis: ablative absolute with subject denfibus and PPP infixis
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(continued) & ita sibi ipsis porrd invicem appendentés liberé sésé

exponant ventd quousque huius flatd ad istum locum praiiciantur,

& sic millénis alits transcurrentibus pro ponte inserviant.

porrd (adv.): (here) further

invicem (adv.): in turn, one after an-
other

appendd, -ere, -1, -pénsus: hang on
(cf. append)

libere (adv.): freely

sésé: emphatic version of s¢

expono, -ere, —-posui, —positus (+ acc.
and dat.): expose to

ventus, -1 m.: wind

quousque: until (from qué + usque, “all
the way to which point/time”)

flatus, -iis m.: blowing, breeze

Pproiicio = proicio, -ere, -iécl, -iectus:
fling away

transcurr0, -ere, -CuCUrri, —-cursus:
QO Over, run across

inservid, -ire, -ivi, -itus (+ dat.): be
serviceable to

appendentes: a PAP modifying the subject of exponant

huius: refers to vento

proiiciantur: guousque in this case takes a subjunctive verb because this clause has a
close logical connection to the surrounding noun clause and its subjunctive verbs
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Cum aranets, reliquisque omnibus huius terrae Insectis, perpetua his
formicts intercédit inimicitia. Quandd € cavernis suis érumpunt, id
quod singulis anns fit semel, innumera earum prodit multitads, qua
domos replent, ex Gind in aliud conclave transmigrant, & animalcula

cuncta maiora, minora, exsﬁgendc‘) necant.

reliquus, -a, -um: remaining; other semel (adv.): once

perpetuus, -a, -um: perpetual

intercédo, -ere, -cessi, -cessus: exist
between

inimicitia, -ae f.: enmity (from in-

innumerus, -a, -um: innumerable
multittido, -inis f.: multitude
repleo, -€re, -&vi, -etus: fill up
conclave, -is n.: room, chamber

“not” + amicitia “friendship”)
quandd: when
€érumpd, -ere, -riipi, -ruptus: burst
forth, break out
singuli, -ae, -a: individual

animalculum, -1 n.: little animal
(diminutive of animal, -alis n.)
ciinctus, -2, -um: whole, entire

necd (1): kill

Cum araneis . . . perpetua his formicis intercedit inimicitia: intercedere alicui
cum alio is an idiom for “exist between one person and another”

id quod singulis annis fit semel: id quod, “a thing which,” can be used in place
of the lone quod when referring and in apposition to an entire previous clause;
singulfs annis means “every year”

ex ind in aliud conclave: from one (room) into another room; include an implicit
conclavi which the ablative iino modifies

exsiigendod: by sucking; gerund and ablative of means
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Maius istiusmodi phalangium momentd feré hinc est consimtum,
quoniam tantis cumulatur acervis ut expedire tam citd sése & 2

periculd liberare nequeat.

phalangium, -if n.: venomous spider, cumuld (1): pile on; overwhelm
tarantula (from the Greek goAdyyiov, acervus, -1 m.: heap, pile

b “ . ”» .- - R — -
lit. “a little phalanx”) expedid, -ire, -1vi, -itus: set free, ex-

momentd (adv.): in a moment, in an tricate
instant (from momentum, -1 n.) citd (adv.): quickly
fere (adv.): nearly, almost periculum, -1 n.: danger

consiimd, -ere, -psi, -ptus (-tus): [ibers (1): free, liberate

consume nequeo, -ire, -1v1, -itus: cannot

istiusmodi: of that kind; a common merging of istius and modr

est consiimtum: should be translated as est with a PPP (i.e. “is consumed” instead
of the perfect passive indicative “was consumed”), as is quite common in post-
Classical works

tantis . . . acervis, ut: by heaps so great that; ablative of means; fantis anticipates
the following result clause
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Quin ipst homineés fuga sibi caveant oportet; aded Gnum post aliud

acervatim permeant cubiculum, atque sic tota domd vastata & quasi

tersa, proximam petunt, donec tandem ad suas redeant caveas.

fuga, -ae f.: flight; (more generally)
swift motion, rush

caved, -ére, cavi, cautus (+ sibi and
abl.): be on one’s guard against, be
wary of

oportet, -ére, -uit, —: (impers.) it is
necessary that

aded (adv.): (here) for, indeed

acervatim (adv.): in heaps

permed (1): pass through (cf. perme-
ate

cubiculum, - n.: room

vastd (1): make empty, desert

quasi: (here) almost

tergeo, -€re, tersi, tersus: wipe clean;
clear

proximus, -a, -um: nearest; (here)
next

petd, —ere, -1vi, -itus: seek; (here) at-
tack, assail

donec: until

tandem: at last, finally

redeo, -ire, -iI, -itus: return

cavea, -ae f.: cave

caveant: oporfel can set up an accusative-infinitive construction, a noun clause with
ut and a subjunctive verb, or even a subjunctive verb alone

dnum post aliud . . . cubiculum: one room after another

tota domo vastata & quasi tersa: ablative absolute with the noun domo and the

PPPs vastata and tersa

proximam: modifies an implicit domum

redeant: in later Latin, donec regularly takes the subjunctive, which in this case
likely communicates the uncertainty in the length of a rush
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Aviculae Colobritgens Belgis dictae ab araned nidis suis insidentes
capiuntur; alias cibus Sacerdotum Surinaménsium, quibus, ceu
relatum mihi est, aliis vésci cibis prohibitum est. Quaterna perinde

ut aliae avés ponunt Sva, eaque incubandd excladuntur.

insided, -ére, -sédi, -sessus (+ dat.): véscor, -1, — (+ abl.): eat

sit on prohibed, -&re, -ui, -itus: prohibit
alids (adv.): at other times quaterni, -ae, a: four at a time
cibus, -1 m.: food avis, -is f.: bird
sacerdos, sacerdotis m.: priest incubd (1): lie on; sit upon, brood (cf.
ceu: like, as incubate)

Aviculae Colobritgens Belgis dictae: Merian is speaking of not just any “little
birds,” but specifically those “(that are) called Colobritgens by the Dutch”; Belgts is
a dative of agent with the PPP dictae

nidis suis insidentés: while sitting on their own nests; circumstantial participial

phrase

alias cibus Sacerdotum Surinaménsium: assume the verb sunt, which has avicu-
lae as its implicit subject and cibus as a predicate

quibus . . . vésci. . . prohibitum est: for whom eating . . . is prohibited; quibus is a
dative of reference; vesc is the subject infinitive of prohibitum est

Quaterna: modifies ova; four is an unusually large number of eggs for a humming-
bird, with two being more common

incuband®: through brooding; ablative of means
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Celerrime volitant aviculae, expansisque mel & floribus sagunt alis, ut
immotae velutl in 2ere haereant, variis Elegantissimé pictae coloribus

ipsoque pavone pulchriorés.

celer, -is, -e: quick haered, -ére, haesi, haesus (+ in): ad-
volitd (1): fly to and fro, flic about here, stick to, remain fixed in
expando, -ere, -1, -pansus: spread out varius, -a, -um: various

ala, -ae f.: wing élegans, -antis: elegant

immotus, -a, -um: motionless pingo, -ere, pinxi, pictus: paint, pic-
3@r, deris n.: air (from the Greek éxp) ture

expansisque . . . alis: ablative absolute with PPP expansis; hummingbird wings
are particularly remarkable as they can rotate in a figure-8 cycle, completed
roughly 75 times per second; this unique ability not only allows hummingbirds
to fly faster than any other bird relative to their miniscule size (up to 35 mph),
but also hover in place while sucking nectar with their curved beak; however,
they also spend a lot of energy maintaining this flight, requiring them to feed
almost constantly

pictae: PPP modifying the subject of haereant

ipsoque pavone pulchriores: pulchriores is a comparative adjective and pavone an
ablative of comparison; one notable visual similarity between peacocks and hum-
mingbirds is their iridescent plumage
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Almost every schoolchild is familiar with the legend of the falling
apple that eventually inspired the gravitational theory of Isaac New-
ton (1643 CE! — 1727 CE), which was first recounted in writing in
the fifteenth letter of Letters on the English by the renowned French
writer Voltaire. He framed the story as an example of Newton’s sci-
entific thought process, in which he would observe a well-known
phenomenon, such as the constant acceleration of an object dropped
not far above the surface of the Earth, and then would general-
ize the associated principles to all bodies in the universe (Voltaire,
1894). Newton’s theory of universal gravitation replaced previous
attempts at bridging the seemingly arbitrary divide between terres-
trial and celestial motions in the Aristotelian worldview and Coper-
nican planetary model (as well as at addressing the lack of explana-
tory power in the latter). The most influential of these earlier pro-
posals came from the French philosopher René Descartes, who be-
lieved that all changes could be reduced to local collisions between
tiny (infinitely divisible) corpuscles that compose matter. According
to this view, vortices of aether circling any attractive body like the
sun uphold the planetary motions, at the time considered circular,
with these particles pushing the planets from either side in just the
right proportions. Despite the qualitative simplicity that made this
description of gravity so attractive to other French physicists (be-
yond mere patriotic loyalty), Descartes’s explanation lacked a quan-
titative element that would have made it usable in practice. It would
also turn out to be inconsistent with the elliptical orbits discovered
by Kepler (Westfall, 1971). Voltaire therefore declared Newton’s ap-

1According to the Julian calendar used at the time in England, Newton was famously born on
Christmas Day of 1642, the year that Galileo Galilei died. However, his birthyear is usually
given as 1643 because the Gregorian calendar was already in use across the rest of Europe,
even if it was only adopted in the British Isles in 1752.
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proach superior: It not only resolved the discrepancies with Kepler’s
laws, but it also provided a new outlook on science by introduc-
ing the concept of attractive forces, thereby establishing what would

later be known as Newtonian physics.

The creation of Newtonian physics was associated with the dis-
covery of calculus or, per Newton’s own terminology, “the method
of fluxions” (Methodus Fliixionum), which was simultaneously con-
ceived of by Leibniz, leading to a life-long conflict of attribution.
Considering that calculus has become a sine qua non of high-school-
level kinematics courses (due to the use of derivatives in defining ve-
locity and acceleration), it may be surprising that Newton refrained
from employing his wonderful new tool in his revolutionary work
titled the Philosophiae Naturalis Principia Mathematica. Instead, he
exclusively formulated his results and proofs by means of Euclidean
geometry so that his contemporaries could appreciate the text with-
out a significant novel mathematical background. Still, he did end
up providing a crash course on a simplified version of calculus in-
volving geometrical limits, also known as “first and last ratios,” in
Book 1 (Gonzalez-Velasco, 2011). In true Euclidean fashion, New-
ton’s axioms, the three laws of motion, form the foundation of all
his subsequent derivations in Book 1, including proofs of Kepler’s
three laws of planetary motion (see page 104) and the Shell Theo-
rem, which allows a perfectly spherical gravitational body to be rep-
resented by a point mass. The second book shifts the focus to medi-
ums of fluids and forces of resistance, a decision that some scholars
have interpreted as an arguably tangential attempt at demonstrating
the erroneousness of Descartes’s vortex theory. Book 3 concludes
the Principia by presenting a direct application of Newton’s gravi-
tational theory to the motions of the planets and even the moons
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of Jupiter, which had been discovered less than a century earlier by
Galileo Galilei (Smith, 2024).

However, Newton initially did not intend to distribute the topics
across three volumes, having previously envisioned only two: one
devoted to all the calculations, which eventually transformed into
Book 1 of the Principia, retaining the title De Motii Corporum, and
another aimed at a wider audience. A remnant of this early draft of
the second part survives through the fairly short posthumous trea-
tise De Mundi Systemate Liber (frustratingly enough the same title as
Book 3), which has a somewhat confounding history. The text, in
the Latin of the original manuscript authored by Newton, was tech-
nically first made available to the public by John Conduitt in 1728,
the year following the physicist’s death. Coincidentally, in the exact
same year, an anonymous editor, frequently assumed to be Andrew
Motte, independently published an English translation with the ti-
tle Treatise of the System of the World, containing a not insignificant
number of disagreements with the Latin version. The most notice-
able difference was the removal of references to specific prepositions,
as the numbering obviously differed from the finalized editions of
the Principia — they were restored in a second and now definitive
edition in 1731, consistent with the numbering of the 1729 English
translation of the Principia. According to the preface of the first edi-
tion of the Treatise, the decision to publish what Newton would have
intended to be a Latin work in English was motivated by a desire to
“render it more useful to our countrymen” (Cohen, 2004). While
the comment may perhaps be suggestive of the beginning of an end
for Latin as the international language for science, it is certainly in
line with Newton’s original goal of communicating and populariz-

ing his new worldview in an easily understandable manner.
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The excerpt below, from the first few pages of De Mundr
Systemate, exemplifies this objective of scientific accessibility. It
introduces the now well-known thought experiment of Newton’s
cannonball (referred to only as a “projectile”), which serves as an
extension of the aforementioned tale of the apple by explaining,
in simple and visually appealing terms, the equivalence between
a thrown or falling body and an orbiting one. At a local scale
where the curvature of the Earth is negligible, the gravitational
force on the cannonball from the center of the Earth is directed
downward and appears constant. As Galileo had suspected even
prior to experimentally determining that the displacement of a
falling body is proportional to the square of time (Capecchi, 2014),
the ball traces a parabolic arc. Newton’s innovation lies in noting
that, if the cannonball repeatedly overshoots the surface of the
Earth, its trajectory is ultimately circular or elliptical, as required
by Kepler’s first law. Since the equations dependent on the mass
and velocity of the projectile arising from the theory of gravity are
quadratic in nature, all of these different cases correspond to conic
sections, curves first considered by Ancient Greek geometers such
as Apollonius. In fact, the cannonball thought experiment can even
be generalized to account for the paths of the historically portentous
comets: While the similarly ominous eclipses had been predicted
and understood ever since Thales and Anaxagoras in the 6 and
5 centuries BCE, comets lacked a proper mathematical treatment
until Newton suggested in Book 3 of the Principia that they move
elliptically or even parabolically, in the same way a sufficiently
speedy cannonball that escapes Earth can follow a parabola, never
to return, or simply a large ellipse. Edmund Halley later used
Newtonian physics and observational data to successfully predict
the reappearance of the eponymous Halley’s comet in 1758, at least
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within a margin of error due to the gravitational influences of
Jupiter and Saturn (Campbell, 1909).

Indeed, later approaches for tackling more complex scenarios
than the Earth-cannonball system, such as the infamous three-body
problem (which, in an instance of chaos theory, cannot be solved
analytically in the general case), were vital for the 19"-century
discovery of Neptune prompted by the detection of irregularities
in the orbit of Uranus. Despite the great empirical success of
Newtonian physics, potential holes began to emerge, including
the gradually increasing divergence between the precession of
Mercury’s orbit from the predicted value, a phenomenon ultimately
explained by Newtonian physics’s ZOth—century successor, general
relativity (Fernie, 1994).

Source Text: Our Latin text comes from Newton (1728).
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Newton: De Mundri Systemate

D€ Mundi Systémate Liber
Effectiis virium centripetarum

Viribus centripetis Planétas in orbibus certis retinéri posse intel-
ligetur ex motibus proiectilium. Lapis proiectus urgente gravitate

sua deflectitur dé cursii réctilined, & curvam lineam in aere

déscribendd tandem cadit in terram;

mundus, -1 m.: world, universe (cf.
French “monde”)

systéma, -atis n.: system (from the
Greek olUotnuo, something “put to-
gether”)

effectus, -us m.: effect

vis, vis f.: (here, in physics) force

centripetus, -a, -um: centripetal

planéta, -ae f.: planet (derived from
the Ancient Greek TAdvntec dotépec,
meaning “wandering stars”)

orbis, -is m.: orb, sphere; (here) orbit

certus, -a, um: fixed

retined, -ere, -ui, -tentus: hold back,
keep

intelligo = intellegd, -ere, -léxi,
-léctus: understand

motus, -is m.: movement, motion

proiectile, -is n.: projectile (i.e. the
cannonball; neuter substantive of
proiectilis, -e, “able to be thrown”)

lapis, -idis m.: stone (cf. lapis lazuli)

Pproiicio = proicio, -ere, -iéci, -iectus:
throw

urgeo, -€re, ursi, = press, bear down

gravitas, -atis f.: weight; (in physics)
gravity

deflecto, -ere, -flexi, -flexus: turn
aside, deflect

cursus, —is m.: course

réctilineus, —um: rectilinear,

straight

-a,

curvus, -a, -um: curved

linea, -ae f.: line

3ér, deris m.: air (from the Greek drp)

déscribo, -ere, -scripsi,
(here) delineate, describe

-scriptus:

tandem: at last, finally
cado, -ere, cecidi, casus: fall

Viribus centripetis: ablative of means; the term “centripetal force,” first used by
Newton himself, describes a force “seeking” or acting towards the “center”

intelligétur: it will be understood that; an impersonal verb that introduces the indi-
rect statement with subject Planeétas and infinitive posse

urgente gravitate sua: another ablative of means

curvam lineam in aere déscribendo: by describing a curved line in the air; this
gerund serves as an ablative of means and takes an accusative object
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s1 moth velociore proiiciatur, pergit longius. Augendd vélocitatem,
fierT posset ut arcum déscriberet milliaris Gnius, dudrum, quinque,
decem, centum, mille; ac tandem ut, pergendd ultra terminds Ter-

rae, non amplius in terram caderet.

velox, -ocis: swift arcus, -iis m.: bow; arc
pergo, -ere, perrexi, perréctus: go; (+ millidre, -is n. = miliarium, -ii n.:
inf.) proceed to mile-stone; mile
longius (adv.): longer, farther (com- decem (indecl.): ten
parative of longe) centum (indecl.): hundred
augeo, -€re, auxi, auctus: increase (cf. ulera (prep. +acc.): beyond
auction) terminus, -1m.: boundary, end
veélocitas, -atis f.: velocity non amplius: no longer

sT motil velocidre proiiciatur: a future-less-vivid conditional with a present sub-
junctive verb that is usually translated with “should”; the apodosis, however, has a
much more definite force thanks to the indicative verb pergit, because, while the
initial speed of the cannonball is variable, a greater speed will necessarily result in
a greater distance traveled

Augendo velocitatem: gerund with an accusative object acting as an ablative of
means

fier1. . . ut: anidiom for “it happens that”; specifically, ut introduces a noun clause
that functions as the subject of fieri and that takes the subjunctives describeret and
caderet, which are imperfect due to the sequence of tenses (indeed, posset is of the
secondary sequence)

posset: an imperfect potential subjunctive that can be expressed as “could” or, with

frert, “would be possible”

milliaris @infus, dudrum, . . . mille: of one mile, (or) two, . . . (or) a thousand; a
genitive of description

pergendo ultra terminds Terrae: a gerund functioning as an ablative of means
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Designent AFB superﬁciem terrae, C centrum eius, & VD, VE, VF,
lineas curvas quas proiectile dé montis praealti vertice V, secundum
lineas horizonti parallelas auctis cum vélocitatis gradibus, successive
émissum déscribat. Et né aeris resistentia, qua motls coelestés vix
retardantur, in computum veniat, fingamus hunc omnem tolli, vel

saltem nil resistere.

deésigno (1): designate, represent émittd, -ere, -misi, -missus: send

superficiés, -€1 f.: surface
centrum, -in.: center (from the Greek
%xévTpov)

forth
resistentia, -ae f.: resistance
coelestis = caelestis, -e: celestial

praealtus, -a, -um: very high

vertex, verticis n.: top

secundum (prep. +acc.): with respect
to, following (in the context of spatial
relations)

horizon, horizontis m.: horizon
(from the Greek opiZwv)

parallélus, -a, -um (+ dat.): parallel to
(from the Greek mopddinhoc, -ov)

gradus, -is m.: (here) degree

successivé  (adv.):
stages

vix (adv.): scarcely, hardly

retardd (1): hinder, delay, retard

computus, -1 m.: computation

fingo, -ere, finxi, fictus: (here) pre-
tend (cf. feign, fiction)

tollo, -ere, sustuli, sublatus: lift, raise;
(here) remove

saltem (adv.): at least

nil = nihil

resist

successively, in resisto, -ere, -stiti, —

Désignent: let . . . represent; the subjects of this jussive subjunctive are the lengths
and points AFB, C, VD, VE, and VF; see Figure 1 for the diagram

quas proiectile . . . d&scribat: which a projectile may describe; the subjunctive
indicates hypotheticality (indeed, VD, VE, VF are merely examples of the path
of a projectile)

€missum: a PPP modifying proiectile and bracketing a long participial phrase

né ... veniat: anegative purpose clause

hunc omnem: modifies an implicit aerem
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Newton’s Cannonball

Figure 1: This image accompanies Newton’s cannonball
thought experiment in the De Mundr Systemate — it has be-
come so recognizable that a photograph of the corresponding
page in the second English edition is included in the Voyager
Golden Record (a collection of sounds and pictures intended to
introduce humanity to extraterrestrials) under the name “page
of book.” It is interesting that Newton does not consider land-
ing points past G, because it is impossible for an object to land
farther than the point diametrically opposite to the mountain.
Indeed, if the Earth were collapsed to a point mass, as permis-
sible by the Shell Theorem, Kepler’s first law shows that the
cannonball will travel on an ellipse with the Earth at one fo-
cus and the mountain as an apsis. Such an ellipse intersects the
Earth’s surface twice, and the first intersection the cannonball
reaches, the landing point, is always before point G, at least if
one assumes, as Newton does, that the cannon is pointed hor-
izontally (Pesnell, 2018). Image credit: A Treatise of the System
of the World, public domain.
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Et eadem ratidne qua corpus veélocitate mindre deéscribit arcum
minorem VD, & maiore arcum maiorem VE, & aucta adhiic
vélocitate pergit longius ad F, & longius ad G, idem tandem, st
augeatur semper vélocitas, superabit totum telliiris ambitum, &

redibit ad montem unde fuerat proiectum.

ratio, -onis f.: reason ambitus, -iis m.: (here) circumference
adhiic (adv.): (here) still reded, -ire, -if, -itus: return

superd (1): surpass unde: from which place, from which,
tellds, ~iiris f.: Earth (cf. tellurium) wherefrom

eadem ratidne qua: for the same reason that; ablatives of cause; qua introduces a
relative clause with subject corpus and verbs describit and pergit

corpus vélocitate mindre . . . & maidre: a body with less velocity . . . and with
greater (velocity); ablatives of description for corpus

aucta adhiic vélocitate: with the velocity having still been increased or (a body) with
a velocity still increased; can be interpreted as either an ablative absolute with PPP
aucta or another ablative of description for corpus

idem: modifies an implicit corpus and serves as the subject of superabit

sTaugeatur semper vélocitas: the future-less-vivid protasis of another mixed con-
ditional

unde fuerat proiectum: unde functions like a relative pronoun here; proiectum
fuerat is equivalent to the pluperfect passive proiectum erat

197



Newton: De Mundr Systemate

Cumque area, quam radid ad centrum terrae ductd déscribit, sit (per
Prop. 1. lib. 1. Princip. Math.) proportionalis tempori, vélocitas

eius in reditl ad montem non minor erit quam sub initid: servata

autem vélocitate potest idem saepius eadem lége revolvi.

area, -ae f.: (in math) area

radius, -it m.: (in math) radius

diico, -ere, diixi, ductus: (here) draw

Prop. = propositio, -onis f.: proposi-
tion

lib. = liber

Princip. Math.: Philosophiae Natiiralis
Principia Mathématica (see the intro-

reditus, -iis m.: return

sub (prep. + abl.): (here with time) at

initium, -it n.: beginning

servo (1): preserve

saepius (adv.): more often; repeatedly
(comparative of saepe)

lex, legis f.: law (of government and
nature

duction)
proportidnalis, -e (+ dat.): propor-
tional to

revolvo, -ere, -1, -voliitus: revolve;
return

Cumgque . . . sit: a causal cum clause with a subjunctive verb

quam radio ad centrum terrae ductd déscribit: the implicit subject is corpus;
radio . . . ducto is an ablative of means; in other words, the area is enclosed by
the orbit of the cannonball and the lines from the cannonball to the center of the
Earth at two different times

per Prop. 1. lib. 1. Princip. Math.: also known as Kepler’s second law, which,
along the lines of the formulation given by Newton here, states that the area
covered by the radius is a linear function of the time elapsed from some chosen
starting point; in fact, Newton showed that it applies to any body experiencing
forces acting towards a single, central point (be it gravity or any other force, not
necessarily proportional to the distance squared)

velocitas eius . . . non minor erit quam sub initid: ifs velocity . . . will not be less
than (the velocity) at the beginning; there is an implicit velocitas after quam, which is
used for a comparison; inifio is an ablative of time when

servata . . . velocitate: ablative absolute
idem: again modifies an implicit corpus
eadem lege: ablative of cause (refers to Kepler’s second law)

revolvi: return; the passive form of a transitive verb of motion expresses a reflexive,
middle voice; see the note in the introduction to Copernicus for more detail
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Imaginémur iam corpora dé regionibus altioribus secundum lineas
horizontalés praiici, puta dé locis milliaria quinque, decem, cen-
tum, mille vel pliira, totidemve Telliiris semidiametrds, altis; & pro
varia corporum vélocitate & vi gravitatis in singulis regionibus ex-
ercita, déscribentur arciis, Telliiri vel concentrici vel varié excentricT;

inque his traiectdriis pergent corpora ad modum Planétarum coelds

transcurrere.

imaginor, -ar1, -atus sum: imagine

regid, -onis f.: region

horizontalis, -e: horizontal

puta (adv.): for instance, namely (from
the imperative form of puts (1))

pliis, pliris: more (comparative of
multus, -a, -um; in the singular, usu-
ally only neuter)

totidem (indecl.): just as many

-ve: or

semidiametros, -1 m.: semidiameter,
radius

varius, -a, -um: various, varying

singuli, -ae, -a: individual

exerced, -ére, -ui, -itus: work; (in
physics) exert (a force)

concentricus, -a, -um (+ dat.): con-
centric to

excentricus = eccentricus, -a, -um (+
dat.): eccentric to

traiectoria, -ae f.: trajectory

ad modum (+ gen.): in the manner of,
like

coelum = caelum

transcurr0, -ere, -Cucurri, -cursus:
€O over, run across

milliaria . .

. sémidiametrds: notice the bracketing, with these accusatives of

distance or extent of space lying between the noun-adjective pair locis . . . alfis

exercita: PPP modifying v7 and concluding a participial phrase

coelds: the plural forms of caelum are masculine and are a poetic way to say “the

heavens”

199



Newton: De Mundr Systemate

200



Chapter 8 — Euler: “Solutio Problématis ad
Geometriam Sitas Pertinentis”

Leonhard Euler (1707 CE - 1783 CE) holds the title of most pro-
lific mathematician in history, with his only competitor in terms of
the number of papers being the highly collaborative 20 -century
mathematician Paul Erd8s. The Wikipedia page devoted to theo-
rems, equations, and other mathematical subjects named after Euler
— usually with a second discoverer credited, for the sake of distin-
guishability — has 54 entries, ranging from differential equations
describing the flow of liquids to the beloved identity '™ + 1 = 0,
which in turn contains Euler’s number e ~ 2.718. The sheer vol-
ume of his output, which the Swiss Academy of Sciences has been
attempting to compile into an Opera Omnia since 1907 with the help
of an index system known as the Enestrém number (Kleinert, 2015),
is made all the more impressive by the fact that, for much of his life,
Euler suffered from poor eyesight, brought upon by illness and al-
legedly worsened by his perusing of data tables. Following an opera-
tion with only temporary success in 1771, he became almost entirely
blind, an impairment that, he mused, led to “one less distraction”
(Calinger, 2007). Even in his early studies Euler was well-connected
with major contemporary mathematicians such as Johann Bernoulli
and Christian Goldbach, with whom he corresponded extensively
on number theory, but the result that first caught the attention of
the wider mathematics community was his 1734 evaluation of the
sum of reciprocals of squares, dubbed the Basel problem in honor of
his birth town (Calinger, 2007). The unexpected total of " stems
from a creative factorization of the sine function as if it were a poly-
nomial with infinitely many roots, a solution that is characteristic of

Euler’s elegant manipulations.
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In 1727, Euler joined the faculty of the Saint Petersburg
Academy of Sciences, which was part of Peter the Great’s effort to
modernize the Russian Empire and make it a hotspot of academic
activity in Europe. The emperor had only established the university
a few years earlier, in 1724, in consultation with Gottfried Wilhelm
Leibniz, who was a supporter of international collaboration. Euler
has been credited as a source of the institution’s rapid, although
short-lived, flourishing (Schulze, 1985). Indeed, he contributed
significantly to the journal Commentarii Academiae Scientiarum Im-
perialis Petropolitanae ever since its second volume in 1729. Volume 8
alone included 11 of his articles, and as a resulg, its table of contents is
full of the word Eiusdem used to denote repeated authorship (Euler,
1741). An example of one of these 11 papers, excerpted below, is
his “Soliitid Problématis ad Gedmetriam Sitiis Pertinentis” (E53),
which set out to solve a problem which Euler was also discussing
in letters with the mayor of Danzig, Carl Gottlieb Ehler, around
the time of the writing of this paper: Is it possible to journey
across all seven bridges of Konigsberg exactly once in succession?
Euler realized that he could generalize his technique to all possible
systems of bridges, stating that what is now called an Eulerian
path exists if and only if there are exactly zero or two regions that
have an odd number of bridges leading into them. Although he
may have not yet employed any of the associated terminology,
his paper is considered the origin of graph theory, as the islands,
when shrunken down to points, become vertices and the bridges
connecting them become edges (see Figure 1). A related puzzle
that can be systematically solved — or revealed to be unsolvable
— through this groundbreaking result in graph theory is whether
a certain line drawing is traceable by one continuous stroke (Ball,

1905): Every intersection in the given diagram is analogous to a

202



Euler: “Soliitido Problématis ad Geometriam Sitis Pertinentis”

vertex, and the resulting line segments, all of which must be traced,

are equivalent to edges (see Figure 2).

In the century following Euler’s publication, graph theory was
applied to a wide variety of problems, including whether a graph
possesses a Hamiltonian circuit, the more difhcult vertex-based
counterpart to the Eulerian path that must pass through each vertex
exactly once. Euler’s formula V' — E + F = 2 for the number
of vertices, edges, and faces in convex polyhedra was, as its name
suggests, also first discovered in 1752 by Euler, whose original
proof relied on meticulous but faulty and inexhaustive casework.
It was later translated in terms of planar (i.e. non-intersecting)
graphs by Augustin-Louis Cauchy in 1813 through a projection
of the vertices and edges of the solid onto the basic objects with
the same names in a graph. Finally, the four-color theorem, which
initially pertained to the minimum number of colors needed in a
map such that adjacent countries differ in color, can be naturally
converted into a graph problem concerning the coloring of ver-
tices by representing adjacency with an edge. It has notoriously
evaded an elegant proof, and indeed the conjecture that a planar
graph requires only four colors at most was only shown to be true
in 1976, with the help of a computer thoroughly checking the
1482 fundamental cases of graphs. Graph theory is in fact very
prominent in computer science generally, with numerous search or
optimization algorithms, including Hierholzer’s described below,
under its domain (Wilson, 2013).

Euler’s solution to the Kénigsberg problem is often also catego-
rized as an early work in topology due to its deviation from what was

long accepted as the main object of mathematics, a field encapsulated
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by Aristotle as a science of quantity: “[ T]he mathematician . . . strips
off all the sensible qualities, e.g. weight and lightness, hardness and
its contrary, and also heat and cold and other sensible contrarieties,
and leaves only the quantitative and continuous” (Metaphysics, 11.3,
1061a29-33).! Indeed, in contrast to natural philosophy and physics,
which at the time of the Ancient Greeks were defined by logical syl-
logisms and a qualitative observational approach, respectively, math
and its two subfields of arithmetic and geometry were distinguished
by a focus on magnitudes and other measurable concepts that usu-
ally, but not always, exist in the real world (Anderson, 1972). This
perspective seems to have survived even past the discoveries of math-
ematical objects that, at first glance, do not correspond to any el-
ement of reality, such as the imaginary numbers, which were first
analyzed with a computational purpose in mind, namely to allow the
cubic formula to output a real root even if it were to involve square
roots of negative numbers. Euler’s Kénigsberg problem was hence
quite novel at the time because, as he stresses in the article’s open-
ing paragraph, it “neither requir[es] the determination of quantities,
nor admit[s] a solution of calculation through the help of quantities”
(neque determinationem quantitatum requireret, neque soliitionem calculi
quantitatum ope admitteret). Instead, all the information in a graph is
encoded in the edges, a relation between two vertices that, in and
of itself, possesses no quantitative properties (except in the case of
so-called weighted graphs, which may be beneficial in computer sci-
ence applications). Graph theory, therefore, was one of the first fields
to transform mathematics into what may be termed a science of re-
lations. Topology, which imitates the term geometria sitiis through
its Greek roots téroc, “position,” and Adyoc, “study,” later emerged

in the 19t century as a formalization of the connectivity of points

IThis translation is taken from Anderson (1972).
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or sections of shapes and provided a medium in which to study holes
or equivalences between, say, a coffee mug and a donut. And, at
least according to modern-day string theorists, topology bridges —
pardon the pun — the gap between general relativity and quantum
mechanics, thereby making science in general a science of relations

at its core.

Source Text: Our Latin text comes from Euler (1741).
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Figure 1: Euler’s original Kénigsberg diagram (above) can be con-
verted into a graph with vertices and edges (below). Image credit:
Wikimedia Commons, public domain.

K K-

Figure 2: On the left is a classic example of a line drawing that can-
not be traced without lifting a pen or retracing a part of the design —
the corresponding graph violates Euler’s conditions for the existence
of an Eulerian path. An Eulerian path does exist in the modified dia-
gram on the right, known in Germany as “das Haus vom Nikolaus”
(“Santa’s House”).

207



Euler: “Soliitido Problématis ad Geometriam Sitis Pertinentis”

Soliitio Problematis ad Geometriam Sitiis Pertinentis

1. Praeter illam Gedmetriae partem, quae circa quantitates versatur,

et omni tempore summd studid est exculta, alterius partis etiamnum

admodum ignotae primus mentionem fecit Leibnitzius, quam

GeOmetriam sitlis vocavit.

soliitid, -onis f.: solution

probléma, -atis n.: problem (from the
Greek mpdfinua, something “put for-
ward”)

gedmetria, -ae f.: geometry (from
the Greek vyewpetplo,  “earth-
measuring”)

situs, -lis m.: position

pertined, -ére, -ui, — (+ ad): pertain
to, belong to

praeter (prep.
from

+ acc.): (here) aside

quantitas, -atis f.: amount; quantity;
magnitude

versor, -ari, -atus sum (+ circa and
acc.): be occupied with, be con-
cerned with (from verss (1), “to turn
much”)

studium, -if n.: zeal, eagerness

excolo, -ere, -ui, -cultus: work care-
fully; improve, perfect

etiamnum (adv.): yet, still, even now;
until then

admodum (adv.): completely; quite

igndtus, -a, -um: unknown

mentio, -onis f.: mention

Leibnitzius, -i1  m.: Godefridus
Guilielmus Leibnitzius (the Latinized
version of Leibniz’s name; see below)

omni tempore: all the time; ablative of time when

summo studio: ablative of manner

alterius partis . . . ignotae primus mentionem fécit Leibnitzius: alterius partis .
. ignotae is an objective genitive governed by mentionem; primus modifies Leib-

nitzius but functions as a quasi-adverb; Leibniz’s

9, &

eometry of position” was an
g y

attempt to rework the entirety of geometry purely in terms of distances (like in
the modern study of metric spaces), and unlike his contemporaries, he empha-
sized the importance of the space in which points lie; Euler’s Kénigsberg problem
has little to do with distance, but, as done here, Leibniz’s geometria sitiis was fre-
quently cited as inspiration for other, unrelated reconstructions of geometry (e.g.
Henri Poincaré’s seminal text on topology, Analysis Sitiis) (De Risi, 2013)
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[. . .] Quamobrem, cum niiper problématis cuiusdam mentio

esset facta, quod quidem ad gedmetriam pertinére vidébatur, at

ita erat comparatum, ut neque déterminationem quantitatum

requireret, neque solitidnem calculi quantitatum ope admitteret, id

ad gedmetriam sitiis referre haud dubitavi, =

quamobrem: for which reason, there-
fore

niiper (adv.): recently

compard (1): (here) prepare, arrange,
establish

déterminatio, -onis f.: determination

requird, -ere, -quisivi,
seek; ask, demand; require

calculus, -1 m.: calculation (originally
the diminutive of calx, calcis f, “stone,”

-quisitus:

because little stones were used for
counting boards)

ops, opis f.: help

admittd, -ere, -misi, -missus: allow,
admit

referd, —ferre, rettuli, relatus: (here,
with ad) relate to, connect to

haud (adv.): not at all
dubitd (1): doubt

cum. . .
junctive verb

mentid esset facta: circumstantial cum clause with a pluperfect sub-

at ita erat comparatum: this clause belongs to the relative clause; ita anticipates
the result clause introduced by ur and containing the imperfect subjunctive verbs

requireret and admitteret

quantitatum ope: through the help of quantities; ablative of means
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(continued) praesertim quod in eius soliitione solus situs in

considerationem veniat, calculus vérd nallius prorsus sit asis.

Methodum ergdé meam quam ad huius generis problémata solvenda

inveni, tanquam specimen Geometriae sitils hic exponere constitul.

praesertim (adv.): especially, particu-
larly

consideratio, -onis f.: consideration

verd (adv.): in truth; bue, and (post-
positive)

prorsus (adv.): (here, intensifying a
negative) at all

usus, -Us m.: use

methodus, -1 f.: method (from the
feminine Greek uédodoc)

solvd, -ere, -1, soliitus: (here) solve

invenio, -ire, -véni, -ventus: find

tanquam = tamquam (adv.): as much
as; like, as

specimen, speciminis n.: model, ex-
ample (cf. specimen)

expono, -ere, -posui, —positus: (here)
set forth, explain

constitud, -ere, -1, —iitus: (here) re-
solve, decide

quod: it is not a relative pronoun and instead means “because”

niillius prorsus sit disdis: is of no use at all; genitive of description

quam ad huius generis problémata solvenda invéni: which I found to solve prob-
lems of this kind; relative clause with antecedent methodum; this gerundive phrase is
equivalent to the gerund ad huius generis problemata solvendum; a gerundive phrase

with ad expresses purpose
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2. Probléma autem hoc, quod mihi satis notum esse perhibebatur,
erat sequéns: Régiomontl in Borissia esse Tnsulam A Det Aneiphof
dictam, fluviumque eam cingentem in duds dividi ramds, quemadmodum

ex figiira vidére licet; ramds vérd huius fluvil septem instriictds esse pon-

tibus, a, b, ¢, d, e, f, et g.

satis: (as adv.) sufficiently, enough

ndtus, -2, -um: known, famous (from
1nosco, -ere, novi, notus, “to learn”)

perhibed, -ére, -ui, -itus: (here) say,
assert

Régiomontum, -1 n.: Kdnigsberg
(from the literal translation Reégius
Mons, “king’s mountain”; its modern
counterpart is the city of Kaliningrad
in Russia)

Boriissia, -ae f.: Prussia

Der Kneiphof: German name for the
central island of Kénigsberg

fluvius, -iT m.: river

cing6, -ere, CInxi,
around, surround

cinctus: go

divido, -ere, -visi, -visus: divide

ramus, -1 m.: branch; arm (of a river)

quemadmodum: in which manner;
just as

figiira, -ae f.: figure

licet, -&re, -uit, — (+ inf.): (impers.) it
is allowed, it is possible

septem (indecl.): seven

instriictus, -a, -um: furnished, pro-
vided (from instrus, -ere, -striixt, -
strifctus)

pons, pontis m.: bridge

erat sequéns: was the following

Régiomonti: locative form

esse insulam A . . . ﬂuviumque eam cingentem .

. dividi: two indirect

statements with subjects insulam A and fluvium and infinitives esse and dividi, re-
spectively; these indirect statements are in apposition to problema; the eam refers
back to insulam and is the object of the PAP cingentem, which modifies fluvium;
see Figure 3 on page 213 for the corresponding diagram

ramos. .

. Instriictos esse: a continuation of the above set of indirect statements
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Circa hos pontes iam ista prépénébitur quaestio: num quis cursum

ita Instituere queat, ut per singulds pontés semel et non plis quam

semel transeat. Hocque fierT posse, mihi dictum est, alids negare alios

dubitare; néminem veéro affirmare.

circa (prep. +acc.): (here) about, con-
cerning

propono, -ere, —posui, —positus: set;
give, propose

quaestio, -Onis f.: inquiry, question

num: (here) whether

cursus, —-Us m.: course

institud, -ere, -1, -iitus: (here) under-
take

queo, -ire, -1v1, -itus: be able to

per (prep. +acc.): (here) over

singuli, -ae, -a: individual

semel (adv.): once

pliis, pliris: more (comparative of
multus, -a, -um; in the singular, usu-
ally only neuter)

transeo, -ire, -ii, -itus: go over, cross

negd (1): deny

némo, -inis m./f.: no one, nobody

affirmo (1): assert, affirm; confirm

num quis cursum ita instituere queat:

in a deliberative question, the subjunctive

verb (queat) remains present even if the main verb (propanebatur) is imperfect; a
quis that follows num functions like aliquis; ita anticipates the result clause intro-

duced by ut

semel et non plis quam semel: once and not more than once; the comparison uses

quam

Hocque fieri posse: indirect statement set up by negare, dubitare, and affirmare

alis negare alios dubitare: indirect statement introduced by dictum est; alios . . .
alios should be translated as “some . . . others”
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Ego ex hoc mihi sequéns maximé generale formavi probléema:
g q 8

quaecunque sit fluvit figiira et distribiitio in ramds, atque quicunque
fuerit numerus pontium, invenire utrum per singulds pontés semel

tantum transiri queat, an vero secus?

maximeé (adv.): (here, with adj.) very  distribiitio, -6nis f.: division

generalis, —e: general numerus, -1 m.: number
formo (1): form, conceive utrum . . . an: whether. .. or
quicumque, quaecumque, quod- tantum: only
cumque (-cunque): whoever, secus (adv.): (in the second of two de-
whatever; every, each liberative clauses) not

invenire: (o find; infinitive in a problem statement, grammatically in apposition to
probléma

utrum . . . an verd secus: whether . . . or in truth not; indirect question with a
subjunctive verb queat

(ormmment Aead- Tz D VI 725, W, 728.

Figure 3: Der Kneiphof, as illustrated in a diagram from the paper.
In this annotated version of the paper accessible on The Euler Archive
(https://scholarlycommons.pacific.edu/euler-works/53/),
the names of the bridges are also provided — they are, in counter-

clockwise order, the Ko6ttel Briicke, Griine Briicke, Krimer Briicke,
Schmiede Briicke, Holz Briicke, Honigbriicke, and Hohe Briicke.
Image credit: Wikimedia Commons, public domain.
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9. In casa igitur pontium transeundérum Régiomontand, quia
in tnsulam A quinque pontés dedicunt a,b,c,d,e, necesse est ut in

désignatione transitiis per hos pontes littera A ter occurrat.

casus, —-us m.: case transitus, -Us m.: a going over, pas-
igitur: therefore sage
Régiomontanus, -a, -um: pertaining littera, -ae f.: letter

to Konigsberg, Knigsbergian ter (adv.): thrice, three times
dediico, -ere, -diixi, -ductus: lead occurrd, -ere, -i, -cursus: (here) ap-
necesse est: it is necessary that pear, occur

désignatid, -onis f.: marking out, de-
scribing, designation

In casd igitur pontium trinseundorum Régiomontand: notice the bracketing
of the gerundive phrase pontium transeundorum, “of crossing (the) bridges,” be-
tween the noun-adjective pair casii . . . Régiomontano

necesse est ut . . . occurrat: necesse est is usually accompanied by an infinitive
clause, but in this case the predicate of est is a noun clause introduced by ut
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Deinde littera B, quia in regionem B trés pontés condicunt, bis
débet occurrere, similique moda littera D bis debet occurrere, atque
etiam littera C bis. In seri€ ergd octo litterarum, quibus transitus
per septem pontés déberet designard, littera A ter adesse débeéret, lit-

terarum véro B, C, et D iinaquaeque bis;

regid, -onis f.: region octo (indecl.): eight

condiicd, -ere, -diixi, -ductus: lead designo (1): designate, represent
together adsum, -esse, -fui, -futiirus: be

bis (adv.): twice, two times present

similis, -e: similar finusquisque, wUnaquaeque, Unum-

series, -&1 f.: series quidque: each one, each

quibus . . . deberet désignart: a relative clause of characteristic with antecedent

octo litterarum and the subjunctive verb deberet; quibus is an ablative of means

debéret: should have had to; a potential subjunctive
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(continued) id quod in serié octo litterarum omnind fieri nequit.
Ex quéd perspicuum est, per septem pontés Régiomontands talem

transitum 1nstitul non posse.

omnind (adv.): altogether, at all perspicuus, -a, -um: clear, evident
nequed, -ire, -1vi, -itus: cannot talis, -e: such
id quod . . . fieri nequit: which cannot happen . . . ; id is the antecedent of quod and

refers to the entire previous sentence; Euler’s proof goes as follows: we first create
asequence of letters representing the regions traveled to (e.g. B—+A — C — - -~

for a path starting at B, continuing to A, then C, and so on); in Konigsberg (see
Figure 4 below), there exist 7 bridges or arrows between the letters, of which
there must therefore be 8 by fenceposting; if a region has n bridges connected
to it, its letter must appear |21 ] times (i.e. 2 times when n is even and 23t
times when n is odd) because, for every pair of consecutive bridges, one of the
two enters the region and the next exits it (e.g. — A —); hence, the sequence of
8 letters consists of 3 + 2 + 2 + 2 = 9 letters, a clear contradiction

Ex qud: the relative pronoun (whose antecedent is the previous sentence) can be
translated as a demonstrative

per septem pontés . . . Institul non posse: indirect statement introduced by
perspicuum est

Figure 4: A failed Eulerian path with the sequence B - A — C
— A — D — B — A. Image credit: modification of image from
Wikimedia Commons, public domain.
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20. Casi ergd quocunque propositd statim facillimé poterit
cogndscl utrum transitus per omnés pontés semel Institul queat an
non, ope huius régulae. ST fuerint plarés duabus regiones, ad quas
diicentium pontium numerus est impar, tum certd afirmart potest

talem transitum non darf.

statim (adv.): at once régula, -ae f.: rule (cf. regular)
cogndscd, -ere, -novi, -nitus: gain impar, imparis: unequal; (here) odd
knowledge, understand, perceive certd (adv.): surely, with certainty

Casil . . . qudcunque propositd: in each given case; proposito is a PPP modifying
casii, which, in the ablative, can mean “in (a) case” even without a preposition
utrum . . . an non: whether . . . or not; indirect question with the subjunctive verb

queat

ope huius régulae: through the help of this rule; ablative of means

Sifuerint pliirés duabus regionés: fuerint is a future perfect indicative in a condi-
tional (which is usually translated in the present in English); duabus is an ablative
of comparison

ad quas diicentium pontium numerus est impar: the antecedent of quds is
regiones; diicentium is a PAP modifying pontium; remember that, if a region has
n bridges, then the region or corresponding letter appears % times in the travel
sequence if n is even and ”T“ times if n is odd; since every bridge connects to

exactly two regions, the total number of letters in the sequence is equal to the
Nodd

number of bridges plus =34, where N,44 is the number of regions with an odd
number of outgoing bridges; since the number of letters total must be equal to 1
plus the number of bridges (as determined above), N,4q cannot be greater than
2 if an Eulerian path exists; additionally, N4 cannot be odd as the number of

letters must be an integer
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ST autem ad duas tantum regioneés diicentium pontium numerus est
impar, tunc transitus fierl poterit, sT modo cursus in altera harum

regionum incipiatur.

simodo: if only; provided that incipio, -ere, -cépi, -ceptus: begin

ad duas tantum regionés diicentium pontium numerus: the number of bridges
leading to only two regions

in altera harum regionum: in either one of these (fwo) regions; we now only increase
the aforementioned lower bound by % for exactly two of the regions, implying
that the total number of letters is 1 plus the number of bridges, as required; also,
the Eulerian path must begin in one of the regions with an odd number of bridges
and must end in the other (because, for such a region, we cannot create entrance-
exit pairs containing all bridges)

incipiatur: a present subjunctive in a proviso clause

Figure 5: An Eulerian path with the sequence E—+F - B — F —
A-F—-+C—-+A—-C—-D—-A—-B—-E—A—E-—D.Image
credit: modification of image from Wikimedia Commons, public
domain.
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S1 dénique nilla omniné fuerit regid, ad quam pontés numerd
imparés condiicant, tum transitus déesideratd modd Institul poterit,
in quacunque regione ambulandi initium ponatur. Hac igitur data

régula problémati propositd plenissime satisfit.

dénique (adv.): finally pléné (adv.): fully, thoroughly, per-
désiderd (1): long for, desire fectly

initium, -ii n.: beginning satisfacio, -ere, —féci, -factus (+ dat.):
datus, -a, -um: given give satisfaction to

ad quam pontés numerd impares condiicant: the verb is subjunctive due to the
counterfactuality of the statement (there are no regions with an odd number
of bridges); notice again the bracketing of the ablative of respect numers, “in
number,” between the noun-adjective pair pontes . . . impares

désideratd modd: in the desired manner, i.e. with each bridge being crossed only
once; while the number of letters total in this case seems to be exactly the number
of bridges, and not one more as we’d expect, it is important to recognize that the
starting region appears one extra time, as it is repeated at both the beginning and
end of the sequence; note that the Eulerian path can now start anywhere and is
now an Eulerian tour because it starts and ends in the same region

Hac. . . data régula: ablative of means

problémati propositd . . . satisfit: literally satisfaction is given o the proposed prob-
lem, but more idiomatically the proposed problem is satisfactorily solved; the passive
forms of satisfacio are constructed from the irregular passive forms of facio

Figure 6: An Eulerian path with the sequence A +B - A — B —
A — B — A. Image credit: modification of image from Wikimedia
Commons, public domain.
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An Existence Proof for Eulerian Paths

Figure 7 (facing page): Although Euler does correctly prove
that an Eulerian path exists only if zero or two regions have
an odd number of bridges, he only briefly argues in support
of the converse at the end of the paper, where he states that
the trivial elimination of a pair of bridges connecting the same
two regions can (minimally) simplify the task of finding the
Eulerian path.

In a paper posthumously published in 1873, Carl Hierholzer
outlined the first actual algorithm finding an Eulerian path
for any graph satisfying Euler’s condition (Hierholzer, 1873):
Consider such a graph where the number of vertices with an
odd number of outgoing edges is either zero or two. First,
find some path passing through all vertices with the starting
and ending vertices indicated in Euler’s article. In the case that
these two vertices are identical, this initial path is a cycle. If
a certain vertex v has a nonzero (but necessarily even) num-
ber of remaining outgoing edges, construct a cycle that travels
from and then returns to v and then attach it to the preexisting
path. Specifically, after the path enters v, it can be continued
by traversing the cycle before resuming the rest of the path.

This process reduces the number of outgoing edges not
currently included in the path by two, thereby guaranteeing
that the path eventually encompasses all edges and becomes
Eulerian. Such a cycle must exist because whenever a vertex is
entered, it can be left by passing through another edge (all ver-
tices have an even number of edges), which once again reduces
the number of untraveled edges. Unless the partial cycle hap-
pens to return to v earlier, eventually the only edge left would
be the one that returns to v, which, once added, completes the
cycle. See a visualization of Hierholzer’s algorithm below with
the graph corresponding to Figure 5 — the v’s considered in
each step are B, C, and E.
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Chapter 9 — Gauss: Disquisitiones Arithmeticae

The German mathematician, physicist, and astronomer Carl
Friedrich Gauss (1777 CE - 1855 CE) was by all accounts a
prodigy, as is often highlighted through a legend depicting the
ten-year-old student’s independent rederivation' of the formula
1424+ +n= @ While today’s popular math enrichment
programs may make this childhood accomplishment seem less
impressive to a modern reader, this genius from a working-class
background attracted the attention — and the funding — of
the Duke of Brunswick. At 22, Gauss received his PhD at the
University of Helmstedt for a dissertation on the Fundamental
Theorem of Algebra (FTA), which states that every polynomial can
be decomposed into only linear and quadratic factors, which have
real and complex roots, respectively (Dunnington, 1955). Gauss first
pointed out circular reasoning or dubious limit arguments implicit
in earlier proofs of this statement before sharing his own attempt
(Baltus, 2004). Although Gauss’s proof, like its predecessors, is not
without substantial leaps in reasoning, its basic argument is so easily
mendable that many modern historians credit the young scholar for
the first sufficiently rigorous proof of the FTA (Basu and Velleman,
2017). Gauss would revisit the theorem three times throughout his

life.

Only a couple of years later, in 1801, Gauss successfully predicted
the position of Ceres using only the limited data collected by as-
tronomers before the (dwarf) planet was lost behind the sun. The
method of least squares used for this calculation marks Gauss’s en-

trance into the field of statistics, where he is arguably most famous

I After duplicating each term in the sum and thereby doubling the total, pair each term k with
n+ 1 — k to obtain n copies of n + 1.
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for his treatment of the normal or, as it is now also called, Gaussian
distribution. In one of the classic priority disputes in mathematics,
Gauss alleged without evidence that he had devised the method of
least squares in 1794, even though he only published it formally in
1809. As it happens, another mathematician, Adrien-Marie Legen-
dre, whose 1805 work discussing the method Gauss himself refer-
enced, felt he deserved primary credit for the discovery. Part of his
case was that so many mathematical theorems had already been at-
tributed to Gauss (Dutka, 1995)!?

By far the most substantial of Gauss’s early undertakings was his
first book, the Disquisitiones Arithmeticae, published in 1801 after
many delays and with a difficult release due to chaos brought on in
Europe by the French Revolution (Bullynck, 2025). The work’s area
of focus is number theory, which Gauss helped establish as a field in
its own right, at a time when it was simply classified as a subdis-
cipline of arithmetic. The Disquisitiones is divided into three main
units that correspond to different stages of its writing process: The
first three sections connect the findings of various mathematicians,
from the Ancient Greeks to his contemporaries, within the general
framework of modular arithmetic. As Gauss explains in the preface
partially excerpted below, he accidentally rediscovered many known
results in number theory back in 1795 due to a lack of easy access to
contemporary research in his early studies (Dunnington, 1955). In

2Legendre’s original French letter is incorporated into the first part of the tenth volume of
the Werke, a collection of Gauss’s writing: “En Mathématiques il arrive trés souvent qu’on
trouve les mémes choses qui ont été trouvées par d’autres et qui sont bien connues; c’est ce qui
m’est arrivé nombre de fois, mais je n’en ai point fait mention et je n’ai jamais appellé principium
nostrum un prlincipe] qu'un autre avait publié avant moi. Vous étes assez riche de [votre] fonds,
Monsieur, pour n’avoir rien 4 envier 3 personne.” (“In Mathematics, it very often happens that
one finds the same things that have been found by others and that are well-known; that is
what has happened to me many times, but I have not made mention of it and have never
called a prlinciple] that someone else had published before me a principium nostrum. You are
rich enough on [your] own, Sir, to have nothing to envy anyone for.”)
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April of 1796, he proved the quadratic reciprocity law, which Gauss
characterized as the theorema aureum in his diary and as the theorema
fundamentale in the Disquisitiones itself, foreshadowing its role as the
foundation of modern algebraic number theory. One of the few
to truly appreciate and engage in this number-theoretic material at
the time was Sophie Germain, a mathematician and frequent corre-
spondent of Gauss who would go on to become an influential figure
in the centuries-long legacy of Fermat’s Last Theorem (Neumann,
2005). Indeed, Gauss received the most immediate recognition for
his novel Euclidean construction of the regular heptadecagon (a.k.a.
17-gon) using only a straightedge and compass, which is the focus
of the book’s last unit. Perhaps in imitation of the cylinder-sphere
design supposedly engraved on Archimedes’s tomb (see Cicero’s ex-
cerpt), Gauss requested that his achievement be literally carved in
stone on his grave, but the heptadecagon’s visual similarity to a circle
is said to have made this impossible (Dunnington, 1955). This geo-
metric result may have attracted the most attention from an audience
raised in Euclidean geometry, but even the earliest reviewers of the
Disquisitiones could not ignore its comprehensiveness, the clarity of
the writing, and the precision of the notation (Bullynck, 2025).

Even within the first three sections of the Disquisitiones that
mostly summarize the works of earlier number theorists, Gauss is
original and exemplary in his formalism, for instance inventing
the now standard symbol = for congruence. In the second excerpt
below, he defines a to be congruent to b modulo m (ie. a = b
mod m) if and only if a — b is divisible by m, and he proves that all
integers uniquely correspond to remainder or “residue” modulo m
ranging from 0 to m — 1. A nice way to visualize so-called modular

arithmetic is with a clock (see Figure 1 below), where we start at 0,
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then move to 1, and continue until we reach m — 1, at which point
we return to 0. Congruence in Gauss’s modular arithmetic is the
first explicit example of an equivalence relation, a generalization of
the notion of equality, even if the term “equivalence relation” was
only introduced over a century later. Whereas equality can only
equate an object with itself, an equivalence relation allows multiple
objects to be considered equivalent to each other under certain
basic conditions, effectively collapsing them into a representative
object known as an equivalence class. In modular arithmetic, 1,
13, and any integer of the form 1 4 12n can be treated as identical
to the number 1 modulo 12, with each residue modulo 12 being
its own equivalence class. Another example of an equivalence
relation, from Euclidean geometry, is similarity, which equates
all triangles with the same proportions without regard for their
position, orientation, or scaling. Equivalence classes are a recurring
theme of the Disquisitiones, notably reemerging in the context of
binary quadratic forms (Dahan-Dalmedico and Peiffer, 1986).

Gauss envisioned modular arithmetic to have “connect[ions] to
greater things” (cum maioribus connexam), and it is worth mention-
ing some of them. As an early practical application, Gauss employed
modular arithmetic to develop a simple algorithm calculating the
date of Easter in the Gregorian calendar for every year up to 4199.
Gauss allegedly used his algorithm to identify his own birthdate
of April 30%, since his mother could only remember that he had
been born eight days before Ascension Day and, therefore, 31 days
after Baster (Teets, 2019)! On the more theoretical side, the set
of residues modulo m under addition, the classic example of a fi-
nite group, is embedded into the structure of the solutions to the

polynomial ™ — 1 = 0, which are collectively known as the mth
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roots of unity and can be represented as equally-spaced points along
the unit circle in the complex plane (Dahan-Dalmedico and Peif-
fer, 1986). This appearance of modular arithmetic in geometry is
precisely the conceptual link between Gauss’s construction of the
heptadecagon (which requires the division of a circle into 17 arcs of
equal length) and the rest of the Disquisitionés. Perhaps surprisingly,
present-day cryptographic security protocols such as RSA or Difhe-
Hellman heavily depend on modular arithmetic as well, exploiting
the fact that congruence can keep the operations used to encode a

secret message hidden from eavesdroppers.

Source Text: Our Latin text comes from Gauss (1801).
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Figure 1: The upper circle is a representation of the residues modulo
12, while the lower image depicts the 17 roots of unity arranged
on the unit circle in the complex plane. This visualization makes the
relationship between the two concepts clear: If the principal nth root
of unity is labeled ¢, then (" under multiplication is analogous to m
modulo n due to the fact that (" = 1 by definition. Indeed, for any
m, (™ can be reduced to ¢"t*" = (7. (¢(")F = (" - 1F = (", where r
is the residue of m modulo n.
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Figure 2: In 1990, the German Central Bank dedicated the 10-mark
banknote in its BBk I1I series to Gauss, the same series that included
a banknote for Merian (see page 162). The obverse has Géttingen
in the backdrop behind a Gaussian distribution, while the reverse
honors the heliotrope, a device invented by Gauss for long-distance
measurements in surveying. Image credit: Wikimedia Commons,
work by YavarPS$, licensed under CC BY-SA 4.0 (https://creati
vecommons . org/licenses/by-sa/4.0/).
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Disquisitionés Arithméticae

Praefatio

Disquisitioneés in hoc opere contentae ad eam Mathéseds partem

pertinent, quae circa numerds integrds versatur, fractis plerumque,

surdis semper exclsts.

disquisitio, -onis f.: inquiry, investi-
gation

arithméticus, -a, -um: arithmetic

praefatio, -onis f.: preface

opus, operis n.: work

contined, -ére, -ui, -tentus: (here)
contain

math@sis, -eds f.: mathematics (from
the Greek pdidmoiwc, which has the
same root as “mathematics,” namely
povidve, “to learn”)

pertined, -ére, -ui, — (+ ad): pertain
to, belong to

numerus, -1 m.: number

integer, -gra, -grum: (here, in a
mathematical context) integral

versor, -ari, -atus sum (+ circa and
acc.): occupied with, be concerned
with (from verso (1), “to turn much”)

fractus, -a, -um: fractional (lit. “bro-
ken”)

pléerumque (adv.): for the most part,
mostly

surdus, -a, -um: deaf; unwilling to lis-
ten; (in math) irrational, surd

excludo, -ere, -clasi, -clasus: shut
out, exclude

ad eam Mathéseds partem: eam functions as a demonstrative adjective modify-
ing partem and is translated as “this”; notice the bracketing with the partitive

genitive Matheseos set between the adjective-noun pair eam .

. . partem; simi-

larly, the prepositional phrase in hoc opere is set between the noun-participle pair

Disquisitiones . . . contentae

quae: has the antecedent partem

fractis plerumque, surdis semper excliisis: and with fractional (numbers) mostly and
irrational (numbers) always excluded; ablative absolute containing the nouns fractis
and surdis, which can either be treated as substantives or as modifying an implicit

numeris
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[. .. ] Pertinent ad Arithméticam Sublimiorem ea, quae Euclidés
in Elementis L. VII sqq. €legantia et rigdre apud veterés consuétis

tradidit: attamen ad prima initia huius scientiae limitantur.

arithmética, -ae f.: arithmetic (from consuscd, -ere, -suévi, -suétus: be

the Greek dprdusc for “number”) accustomed
sublimis, -e: high trado, -ere, -didi, -ditus: give up, de-
Euclidés, -is m.: Euclid (Latinization liver (both in the sense of “surren-
of Edxheldnc; see below) dering” or, here, of “passing down”
elementum, -1 n.: element through writing)
L. = liber attamen: but nevertheless (from ar +
sqq.: and the following (abbreviation tamen)
for et scqucntia) initium, -i1 n.: beginning
élegantia, -ae f.: elegance scientia, -ae, f.: science (not limited to
rigor, -Oris m.: (mathematical) rigor natural philosophy)
apud (+ acc.): among limitd (1): limit

veterés, -um m.: the ancients (from
vetus, veteris, “old”)

Arithméticam Sublimiorem: literally “Higher Arithmetic,” the traditional name
for number theory

ea, quae: the things which or that which; ea is the subject of pertinent

Euclidés in Elementis L. VII sqq.: although Euclid’s Elements is perhaps best
known for proving geometrical results axiomatically from 5 postulates, Books
VII to X deviate from the work’s main focus and instead cover number theory;
specifically, VII deals with the fundamentals of divisors and multiples, VIII with
geometric sequences, IX with advanced results like Euclid’s theorem (that there
are infinitely many primes), and X with irrational proportions

elegantia et rigore apud veteres consuétis: through the elegance and rigor customary
among the ancients; consuetis is plural because it modifies the two ablatives of means
élegantia and rigore simultaneously; notice the apud veteres bracketed between the
noun-participle pair
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Diophanti opus celebre, quod tdtum problématis indéterminatis
dicatum est, multas quaestionés continet quae propter difficultatem

suam artificiorumque subtilitatem dé auctoris ingeni6 et actimine

existimationem haud mediocrem suscitant, =

Diophantus, -1 m.: Diophantus (La-
tinization of Aibgavtog; see below)

celeber, -bris, -bre: celebrated

totus, -a, -um: (used as a quasi-
adverb) wholly; in his/het/its entirety

probléma, -atis n.: problem (from the
Greek mpdPinuo, something “put for-
ward”)

indéterminitus, -a, -um: indetermi-
nate

dico (1): dedicate, devote

quaestio, -Onis f.: inquiry, question

difficuleas, -atis f.: difficulty

artificium, -ii n.: art, skill

subtilitas, -atis f.: subtlety

auctor, -oris m.: author, writer (the
word itself suggests an authority on
the subject matter)

ingenium, -il n.: genius (describing
either the quality or a person)

aciimen, aciiminis f.: (lit.)
acuteness, acumen

point;

existimatio, -onis f.: judgment, opin-
ion; reputation

haud (adv.): not atall

mediocris, -e: mediocre, unremark-
able; (with a negation like haud, as an
example of litotes) extraordinary

suscitd (1): lift up, elevate, raise

Diophanti opus celebre: Gauss is referencing the Arithmetica by the 3rd—century
CE Greek mathematician Diophantus, now known as the “father of algebra”; his
work focuses on the eponymous Diophantine equations — see below

problématis indéterminatis: indeterminate problems; problemaris is a variant of the
more common dative form problematibus; an “indeterminate problem” is a system
that has fewer equations than unknowns (so there do not exist finitely many so-
lutions, unless additional conditions — like only allowing integer solutions — are

added)

quae: the subject of suscitant, with multds quaestiones as the antecedent
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(continued) praesertim si subsidiorum quibus illi @itf licuit tenuitatem

consideres.

At quum haec problémata dexterititem quandam

potius scitamque tractationem quam principia profundidra pos-

tulent, praetereaque nimis specialia sint raroque ad concliisionés

generaliorés dediicant, =

praesertim (adv.): especially

subsidium, -if n.: support, assistance,
resource

iitor, iiti, isus sum (+ abl.): use

licet, -ére, -uit, — (+ dat. and inf.):
(impers.) it is allowed, it is possible

tenuitas, -atis f.: slenderness; (here)
scarcity

considerd (1): look closely at; reflect
upon, consider

quum = cum

dexteritas, -atis f.: dexterity, clever-
ness

potius (+ quam): rather (than)

tractatio, -onis f.: handling, manipu-
lation

principium, -ii n.: principle

profundus, -a, -um: deep, profound

postuld (1): ask, demand, require

praeterea: in addition, moreover (from
praeter + ea (re))

nimis (adv.): too

specialis, -e: special, specific

rard (adv.): rarely (adverbial form of
rarus, -d, —um)

concliisio, -onis f.: conclusion

generalis, —e: general

dédiico, -ere, -diixi, -ductus: (here)

lead

praesertim si. . . considerés: especially if you should consider that . . . ; the future-
less-vivid protasis of a conditional with a present subjunctive verb

quibus illi a1 licuit: which it was possible for him to use or, more elegantly, which
he could use; licuit takes the dative illf (referring to the auctor, Diophantus) and i
takes the ablative quibus, the antecedent of which is subsidiorum

quum . . . postulent: postulent, as well as sint and dediicant later, are subjunctive
verbs in a causal cum (or, here, quum) clause
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(continued) hic liber ided magis epocham in historia Mathéseds

constituere vidétur quod prima artis charactéristicae et Algebrae

vestigia sistit, quam quod Arithméticam Sublimiorem inventis novis

auxerit.

ided (adv.): for that reason, therefore
(from id + e, lit. “this from that”)

magis (+ quam): rather (than)

epocha, -ae f.: age, epoch (from the
Greek énoy, a “fixed point”)

historia, -ae f.: history (from the
Greek iotopla, an “inquiry”)

constituo, -ere, -1, -iitus: set up, es-
tablish

ars, artis f.: art, skill

charactéristicus, -a, -um: character-
istic

algebra, -ae f.: algebra (from the Ara-
bic Jxa_i‘ al-jabr for “the setting up,”
a term used by the mathematician al-
Khwarizmi to refer to a method of
solving equations)

vestigium, -ii n.: footprint; mark,
trace (cf. vestige)

sistO, -ere, stitl, status: place, set, plant

inventum, -1 n.: invention, discovery
(from invenio, -ire, -vent, -ventus, “to
find”)

augeo, -€re, auxi, auctus: increase,
strengthen, advance (cf. auction)

quod: because, and not a relative pronoun

artis charactéristicae: by “characteristic art,” Gauss is referring to Diophantus’s
unprecedented algebraic notation, which he likely appreciated given his own
contributions to number-theoretic notation; specifically, in the Diophantine sys-
tem, a variable is represented by ¢, its square by Au (a truncation of dVvoc,
“power”), and its cube by Ku (x0Bog, “cube”), and greater exponents by com-
binations of smaller powers; since this approach never caught on, subsequent
mathematicians were forced to employ verbose and geometric descriptions of
equations, at least until Viéte and Descartes proposed the use of letters for vari-
ables and superscripts for exponents, respectively

auxerit: quod with a subjunctive expresses an alleged reason

inventis novis: ablative of means
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Longe pliirima recenti6ribus debentur, inter quds pauci quidem sed
immortalis gloriae virT P. pE FErmar, L. EULer, L. La GRANGE, A.

M. L GENDRE =

longe (adv.): (here, with superlative) recens, -entis, “recent,” here referring
by far to the scientists and mathematicians of
plirimus, -a, -um: most (superlative the Modern era)
of multus, -a, -um) immortalis, -e: immortal, eternal

recentiorés, -um m.: the moderns (as gloria, -ae f.: glory
a substantive of the comparative for

inter quds pauci quidem sed immortalis gloriae viri: among whom (these) men,
few indeed but of eternal glory; take quidem closely with pauci; immortalis gloriae is a
genitive of description that is treated almost adjectivally

P. pE FermaAT: Pierre de Fermat was a 17‘h—century French mathematician fa-
mous for his conjecture that the equation a™ + ™ = ¢" has no positive inte-
ger solutions a, b, ¢ for n > 2; in a margin of his copy of the aforementioned
Arithmetica by Diophantus, he wrote that he had found “a truly marvelous proof”
(demonstrationem mirabilem sane) for the conjecture, but claimed that the margin
was too small to contain it (Hanc marginis exiguitas non caperet); the first rigorous
proof of Fermat’s Last Theorem was developed by Andrew Wiles in 1994, over
three centuries later!

L. EuLer: in addition to founding graph theory (see the previous excerpt), Leon-
hard Euler also laid the groundwork for number theory (providing the first proof
of Fermat’s theorem on sums of two squares, again not proven by Fermat him-

self!)

L.La Grange: the 18™ century mathematician Joseph-Louis Lagrange is perhaps
best known as a physicist (having developed Lagrangian mechanics, an alternative
to Newtonian mechanics), but he also worked on binary quadratic forms and
proved that every positive integer can be expressed as a sum of four squares of
nonnegative integers

A.M.Le Genpre: Adrian-Marie Legendre, a contemporary of Gauss, conjectured
in 1785 the quadratic reciprocity law proven by Gauss in the Disquisitiones; he is
also known for proving Fermat’s Last Theorem in the special case of n = 5
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(continued) (ut paucds alids praeteream) introitum ad penetralia

huius divinae scientiae aperuérunt, quantisque divitiis abundent

patefecérunt.

praetereo, -ire, —if, -itus: pass over,
not mention

introitus, -iis m.: entrance

penetralis, -e: inner; (in the neuter
plural as a substantive) innermost parts

divinus, -a, -um: divine

aperi6, -ire, -ui, -tus: uncover, reveal

quantus, -a, -um: how much, (pl.)
how many

divitiae, -arum f.: riches

abunds (1): overflow (with dat.)

patefacid, -ere, -féci, -factus: lay
open, expose

ut paucds alids praeteream: literally so that I may pass over a few others but more
idiomatically not to mention a few others; a purpose clause

quantisque divitits abundent: indirect question with the subjunctive verb abun-

dent, whose implicit subject is penetralia
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[. . . ] Propositum huius operis, ad quod édendum iam annos
abhinc quinque publice fidem dederam, id fuit, ut disquisitionés ex
Arithmética Sublimiori, quas partim ante id tempus partim postea

institui, divulgarem.

propositum, -in.: (here) purpose partim . . . partim: partly . . . partly
edo, -ere, -didi, -ditus: put forth, ante (prep. +acc.): before
publish (cf. edition) postea: thereafter (from post + ea)
abhinc (adv.): ago, since (with an acc.  institud, -ere, -1, ~iitus: set, make, un-
of amount of time; from ab + hinc) dertake

piiblicé (adv.): openly, publicly

DHEEN | divulgo (1): disseminate, publish
fides, -ei f.: trust; promise, assurance

ad quod édendum . . . fidem dederam: which I had sworn . . . to publish; ad plus an
accusative gerund denotes purpose, and quod is the object of the gerund édendum;
fidem dare literally translates as “to give assurance,” but more idiomatically means
“to swear”

id fuit, ut . . . divulgarem: was this, that I might disseminate or, shorter, was to
disseminate . . . ; in later Latin, id (like hoc) is often used to refer to a subsequent
clause (here, a noun clause introduced by uf and in apposition to id)
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Né quis vérd mirétur scientiam hic 2 primis propemodum initiis

repetitam, multasque disquisitionés hic dénud resimtas esse, quibus

alil operam suam iam navarunt, =

verd (adv.): in truth; bue, and (post-
positive)

miror, -ari, -itus sum: be amazed, be
surprised

propemodum (adv.): nearly, almost
(from prope + modum, lit. “close to the
limit”)

repetd, -ere, -1vi, -itus: strike again,
revisit, undertake again

denud (adv.): anew, again

resimo, -ere, -psi, -ptus (—tus): take
up again

navo (1): do enthusiastically; (as an id-
iom with operam suam and dat.) pur-
sue vigorously

NEé. .. mirétur: negative purpose clause, often introduced by “lest”

quis: after ne, quis is equivalent to aliquis

scientiam . . . repetitam, multisque disquisiti(')nés . .. resiimtas esse: assume
an esse to complete the infinitive repefitam esse, which, along with resiimtds esse, is
an infinitive in an object clause (constructed identically to an indirect statement)

set up by miretur

navarunt: syncopation of navaverunt
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(continued) monendum esse diixi mé, quum primum initic a. 1795
huic disquisitionum generl animum applicavi, omnium quae qui-
dem 2 recentioribus in hac aréna elaborata fuerint ignarum, omni-
umgque subsididrum per quae dé his quidpiam comperire potuissem

expertem fuisse.

moneo, -ére, -ui, -itus: warn €labord (1): labor on, take pains with,
diico, -ere, diixi, ductus: (here) think work out

primum (adv.): first ignarus, -a, -um (+ gen.): ignorant
a.=anni (of)

quispiam, quaepiam, quidpiam:

applico (1): (here, with animum and :
anyone, anything

dat.) devote one’s mind to

aréna = haréna, -ae f.: sand — sand- €OMPperio, -ire, -1, -tus: learn, dis-

covered arena (of an amphithetre) — cover . .
battlefield (in an area of study) expers, expertis (+ gen.): devoid of,
lacking knowledge of

monendum esse duxi: I thought that it had to be warned that; the passive periphrastic
monendum esse introduces an indirect statement with the subject me, the infinitive
fuisse, and the predicates ignarum and expertem

initio: an ablative of time when

omnium quae. . . Elaborata fuerintignarum: ignorant of all that had been worked
out . . . ; elaborata fuerint is a common alternative form of élaborata erunt, which
is not a future perfect passive indicative but rather a perfect passive subjunctive
(relative clauses in indirect statements require the subjunctive)

per quae dé his quidpiam comperire potuissem: through which I would have been
able to learn anything concerning these things; the antecedent of quae is subsidiorum
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Scilicet in alid forte labdre tunc occupatus, casti incidi in eximiam
quandam véritatem arithméticam (fuit autem ni fallor thedréma art.
108), =

scilicet (adv.): indeed, in fact ni = nisi

forte (adv.): by chance falls, -ere, fefelli, falsus: (here, in the

occupatus, -a, -um: occupied, busy pass.) be mistaken

casii (adv.): by chance thedréma, -atis n.: theorem (from the

incido, -ere, -1, — fall into, encounter 1G;eer}<”)ﬂ€d)pnpoc, a “sight” or “specu-
atio

eximius, -a, -um: select, extraordi-

nary art. = al‘thlllllS, -1m.: part, section (1‘6—

ferring to the numbered paragraphs

véritas, -atis f.: truth .
’ in Gauss’s book)

fuit autem ni fallor thedréma art. 108: i fallor is a brief conditional meaning
“if I am not mistaken”; Gauss is referring to the following theorem, a corollary
to Euler’s criterion: —1 is a quadratic residue of all prime numbers of the form
4n + 1, but a nonresidue of all prime numbers of the form 4n + 3; in other
words, there exists some z such that > = —1 (mod p) for a prime p > 2 if
and only if p = 1 (mod 4) (see below for Gauss’s own explanation of modular
arithmetic); this lemma is one of the earliest steps towards the proof of Gauss’s
famous quadratic reciprocity law
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(continued) quam quum et per sé pulcherrimam aestimarem et
cum maidribus connexam esse suspicarer, summa qua potul con-

tentione in id incubul ut principia quibus inniterétur perspicerem,

démc')nstritiénemque rigdorosam nanciscerer.

per sé: for itself, in itself

value, appraise; judge

connecto0 = cOonectOo, -ere, -nexui,
-nexus: connect, relate

aestimo (1):

suspicor, -ar1, -atus sum: suspect, be-
lieve

contentid, -onis f.: straining, effort

incubd, -are, -ui, -itus: (here) apply
oneself vigorously

innitor, -1, -nixus sum (+ dat.): rest
on

perspicio, -ere, —spexi, -spectus: look
closely at, inspect; ascertain

démonstratio, -onis f.: demonstra-
tion, proof

rigdrdsus, -a, -um: (mathematically)
rigorous

nanciscor, -1, nactus sum: obtain

quam quum . . aestimarem et .

. suspicarer: the antecedent of quam is

veritatem; a connective to a previous clause or sentence (in this case, the rela-
tive pronoun quam) can sometimes precede a conjunction like quum even if it is
a part of the subsequent clause; quam functions as the object of aestimarem and
the subject of connexam esse; the verbs are subjunctive because they reside in a

circumstantial cum (or quum) clause

summa qua potui contentione: with the greatest effort with which I was able to or
that I was capable of ; the noun-adjective pair bracketing the relative clause is an
ablative of manner, as is the relative pronoun qua itself; porui has an implicit com-

plementary infinitive incubare

inid. .. ut: again, asa demonstrative, id refers to the subsequent noun clause that
is in apposition to it; as a compound verb, incubare would be expected to take a
dative, but its prefix can often be repeated in the form of a preposition
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Quod postquam tandem ex votd successisset, illecebris harum
quaestionum ita ful implicatus ut eas déserere non potuerim; qud
pactd, dum alia semper ad alia viam sternébant, ea quae in quatuor
primis Sectionibus huius operis traduntur ad maximam partem ab-

solita erant, antequam dé aliorum gedmetrarum laboribus similibus

quidquam vidissem.

postquam: after

tandem: at last, finally

é/ex (prep. + abl.): (here) in accor-
dance with

votum, -1 n.: VOow, promise

succédo, -ere, —cessi, -cessus: (here,
. rd
in the 3" person) be successful

sternd, -ere, stravi, stratus: (here,
with viam) pave

quatuor = quattuor

sectio, -onis f.: (here, of a book) sec-
tion

absolvo, -ere, -1, -soluitus: release;
(here) complete

illecebra, -ae f.: enticement, charm

implicd (1): (here with dat.) entangle,
involve, engage with (cf. be impli-
cated)

désero, -ere, -ui, -tus: leave, abandon

qud pactd: in which/this way (equiva-
lent to quomodo)

dum: (as a later Latin substitution for
cum that may use the indic.) since

antequam: before

geometres, -ae m.: geometer, scholar
of geometry (from the Greek
yewpétene, “earth-measurer”)

similis, -e: similar

quisquam, quidquam: anyone, any-
thing

Quod: the antecedent of this relative pronoun is id and the associated noun clause
above; quod is the subject of successisser and should be translated as a demonstrative
(“this™); again, as quod connects back to the previous sentence, it can precede the
clause set up by the conjunction postquam even if it belongs to it

fui implicatus: equivalent to implicatus sum

ita...ut: so...that; ita anticipates a result clause

alia . . . ad alia: some things . .. to other things

ea: subject of absoliita erant

ad maximam partem: for the most part

dé alidrum geometrarum laboribus similibus quidquam: anything concerning
similar efforts of other geometers

vidissem: the subjunctive expresses the hypotheticality of the statement (i.e. even
once Gauss had access to the works of contemporary number theorists, he could
have simply stumbled across them by chance)
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Dein copia mihi facta hérum summorum ingeniérum scripta
évolvendi, maidrem quidem partem meditatioGnum mearum rébus

didum transactis impénsam esse agnovi: sed e alacrior, illorum

vestigils Insistens, Arithméticam ulterius excolere studut.

copia, -ae f.: (here) opportunity

scriptum, -1 n.: writing, work (from
scribo, -ere, scripsi, scrl‘ptus)

évolvo, -ere, -1, -voliitus: roll; read
(ie. roll open a scroll), peruse

meditatio, -6nis f.: contemplation

diidum (adv.): a while ago, some time
ago

transigd, -ere, -egi, -actus: (here)
settle

impendd, -ere, -1, -pénsus: weigh
out; expend, devote

agnosco, -ere, -nOVi, -nitus: recog-
nize

€d (adv.): therefore, for that reason

alacer, -cris, -cre: eager

insistd, -ere, -stiti, — (+ dat.): stand
upon, follow

ulterius (adv.): further

excolo, -ere, -ui, -cultus: work out
carefully, improve, develop

studed, -ére, -ui, — (+ inf.): be eager,
take pains, strive

copia mihi face, . .

. scripta évolvendt: copia . . . facta is an ablative absolute,

and mihi is simply a dative of reference; facere copiam is an idiom meaning “to give
an opportunity”; copia takes the genitive gerund évolvendi, which has the object

scripta

rébus didum transactis: fo matters settled some time ago
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Sectio Prima: Dé Numerorum Congruentia In Genere

1. ST numerus @ numerdrum b, ¢ differentiam meétitur, b et ¢ secun-
dum a congrut dicuntur, sin minus, incongrut: ipsum a modulum ap-
pellamus. Uterque numerdrum b, ¢ pridri in casu alterius residuum,

in posteriori verd nonresiduum vocatur.

congruentia, -ae f.: (in math) con- incongruus, -a, -um: incongruent
gruence modulus, -Tm.: measuring unit; mod-
differentia, -ae f.: difference ulus
métior, -ir1, ménsus sum: measure; appelld (1): name
measure into POI‘tiOl’lS, divide (With— uterque, utraque, utrumque (+ gen.):
out any remainder) both
secundum (prep. +acc.): with respect prior, prius first, former
to casus, -Us m.: case
congruus, -a, -um: congruent residuum, -1 n.: residue
sin: but if posterior, —ius: latter (of two)
minus: (here) not nonresiduum, -1 n.: nonresidue

In Genere: an idiom for “in general”
g

Sinumerus. . . vocatur: in other words, if b—c is a multiple of @ (more generally,
b = ka + c for some integer k), then b is congruent to ¢ modulo a, and b and ¢
are residues of each other; Gauss will soon introduce the notation b = ¢ (mod a)
for this congruence relation, the basis of modular arithmetic

b et ¢ secundum a congrui dicuntur: b and c are called congruent with respect to a; the
variable a is in the accusative

ipsum a: in math, ipse is often used to indicate the grammatical case of a variable
and can remain untranslated

Uterque numerdrum b, c . . . vocatur: here Gauss highlights one of the three
essential properties of an equivalence relation, namely symmetry: b is a residue
of ¢ modulo a if and only if ¢ is a residue of b modulo a (in other words, ¢ = b
(mod a) if and only if b = ¢ (mod a)); the other two properties are reflexivity
and transitivity, explained on the next page

prioriin casa: reorder as in priort casii for clarity

in posteriori: insert casii
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Hae notionés dé omnibus numeris integris tam positivis quam
negativis* valent, neque vérd ad fractds sunt extendendae. E.g.
—9 et +16 secundum modulum 5 sunt congrui; —7 ipsius +15
secundum modulum 11 residuum, secundum modulum 3 véro
nonresiduum. Céterum quoniam cifram numerus quisque meétitur,
omnis numerus tamquam sibi ipsi congruus secundum modulum

quemcunque est spectandus.

*Modulus manifestd semper absoliite i.e. sine omni signo est

sumendus.

nétid, -onis f.: (here) notion cifra, -ae f.: number (cf. French

tam.. . quam: as. .. as; (here) both “chinre”); Zero (from the Arabic word
...and e sifr)

positivus, -a, -um: positive tamquam: as much as; like, as

negativus, -a, -um: negative quicumque, quaecumque, quod-

valed, -&re, -ui, -itus: (here) hold true cumgque (-cunque): whoever,

extendd, -ere, -1, -tentus (~ténsus):
extend

whatever; every, any
spectd (1): look at, observe; regard,

céterum (adv.): (here) in addition,
moreover
quoniam: since

consider
manifestd (adv.): clearly
absoliité (adv.): absolutely
signum, -1 n.: sign
siimo, -ere, —psi, -ptus: take

dé. .. valent hold true with respect to orfor

ad fractds sunt extendendae: passive periphrastic; fractos modifies an implicit
numeros; technically, in some applications, fractions are permissible in modular
arithmetic, so, for instance, 7/2 = 3/2 (mod 2) or 3/4 = 1/4 (mod 1/2)

Céterum quoniam cifram . . .

est spectandus: Gauss here demonstrates the

reflexivity of the congruence relation by explaining why a = a (mod m) for

any modulo m

sibi ipst: o its very self; ipsiis used to emphasize sibi

est spectandus: another passive periphrastic

Modulus . . .

est simendus: a passive periphrastic; here, Gauss clarifies that the

sign of the modulus is irrelevant, as —a has the same multiples as a
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2. Omnia numeri dati a residua secundum modulum m sub formula
a + km comprehenduntur, désignante k numerum integrum
indéterminatum. Propositionum quas post trademus faciliores nallo
negotid hinc démonstrart possunt: sed istarum quidem véritatem

aequeé facile quivis intuendd poterit perspicere.

datus, -a, um: given hinc: from this place; (here) hence

sub (prep. +abl.): (here) by means of, dé&ménstrd (1): demonstrate, prove
through aequeé (adv.): equally, just as

formula, -ae f.: formula facile (adv.): easily (adverbial form of

comprehendo, -ere, -1, -hénsus: Sfacilis, -e)

(here) express quivis, quaevis, quidvis: whoever,
deésignd (1): designate, represent whatever; anyone, anything
propositid, -onis f.: proposition intueor, -&r1, -itus sum: look at
negdtium, -ii n.: (here) difficulty,

trouble

Omnia numeri dati a residua: all residues of a given number a; note the bracketing

désignante k numerum integrum ind&terminatum: with k representing an in-
determinate (in modern mathematical language, “some”) integer; ablative absolute
where the variable k is the noun, designante is the participle, and numerum is the
object

Propositidnum: a partitive genitive governed by faciliores
istarum: refers back to propositionum

intuendd: by looking; gerund
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Numer6rum congruentiam hoc signd, =, in posterum dénotabimus,
modulum ubi opus erit in clausulis adiungentes, —16 = 9 (mod 5),
—7 =15 (mod 11)*.

*Hoc signum propter magnam analogiam quae inter aequalitatem
atque congruentiam invenitur adoptavimus. Ob eandem caussam ill.
Le Gendre in comment. Infra saepius laudanda ipsum aequalitatis
signum prd congruentia retinuit, quod nds né ambiguitas oriatur

imitari dubitavimus.

in posterum: (idiom) in the future caussa = causa

dénotd (1): denote

opus est: it is needed

clausula, -ae f.: parenthesis (ie. an
“enclosing” character)

adiungo, -ere, -ilinxi, -ifinctus: join,
add

analogia, -ae f.: analogy

aequalitas, -atis f.: equality

invenio, -ire, -véni, -ventus: find

adoptd (1): choose, adopt

ob (prep. + acc.): on account of, be-
cause of

ill. = illastris, -e: illustrious

comment. = commentatio, —-onis f.:
treatise

infra (adv.): below

saepius (adv.): more often, very often
(comparative of saepe)

laudo (1): (here) name, cite

retineo, -€re, -ul, —tentus: retain

ambiguitas, -atis f.: ambiguity

orior, -1r1, —tus sum: arise

imitor, -ari, -atus sum: imitate

dubito (1): hesitate

hoc signo: ablative of means; Gauss introduced the symbol = into number theory

modulum ubi opus erit in clausulis adiungentes: adding the modulus in parenthe-
ses when it is needed or, shorter, when needed; the participle adiungentes is modifying

the subject of the sentence, “we”

in comment. infra saepius laudanda: in a treatise to be cited very often below else-
where in Gauss’s work, namely Legendre’s 1798 Essai sur la Théorie des Nombres

(“Essays on the Theory of Numbers”)

ipsum aequalitatis signum: the pronoun ipsum serves to bracket the appositional

genitive aequalitatis

quod: the antecedent for this neuter relative pronoun is the entire previous clause

né ambiguitas oridtur: a negative purpose clause; for similar reflections on nota-
tion, see the second excerpt for Peano in this reader
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3. Thedréma. Propositis m numeris integris successivis a,a + 1,a +
2,...,a+m—1 alidque A illdrum aliquis huic secundum modulum

m congruus erit, et quidem unicus tantum.
A—a
m

maior (aut quand6 est negativus, proxime minor, st ad sighum non

S1 enim integer, erit a = A, sin fractus, sit integer proxime

respiciatur) = k, cadetque A+km inter a et a+m, quaré erit numerus

quaesitus.

propono, -ere, —posui, -positus: set quando: when
successivus, -a, -um: successive, con-  respicid, —ere, -spexi, -spectus (+ ad):

secutive look at; have regard for
iinicus, -a, -um: one cado, -ere, cecidi, casus: fall
tantum: only quaré: for which reason, therefore

proximé (adv.): next

Propositis m numerds integris successivis . . . alidque A: ablative absolute with
the noun phrases m numeris integris successivis and alio A

illorum aliquis huic: illorum (plural), “the former,” refers to the m consecutive
integers, while /mic (singular), “cthe latter,” refers to the one integer A; Gauss
emphasizes that there exists some integer, and “indeed only one” (quidem inicus
tantum), between a and a + m — 1 that is congruent to A; this theorem implies
the final property of the congruence relation, transitivity, concerning which he
later writes, “If many numbers are congruent to the same number with respect
to the same modulus, they are congruent between themselves” as well (Si pliires
numert eidem numerd secundum eundem modulum sunt congrut, inter se erunt congrui);
ie,ifa=b (mod m)and ¢ =b (mod m), then a = ¢ (mod m)
Si enim 4=¢
N m
stn_fractus

integer: assume the verb est; do the same for the next conditional,

sit integer proximeé maior . . . = k: let the next greater integer = k or be k; sit is
very commonly used when defining variables

s1 ad signum non respiciatur: the future-less-vivid protasis of a conditional with
a present subjunctive verb that is usually translated with “should”

A+ km: subject of cadet
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aAa+lAa+2A

=, , etc. inter

Et manifestum est omnes quotientes

k—1 et k+1sitds esse; quaré plirés quam Ginus integri esse nequeunt.

manifestus, -a, -um: evident, clear plis, pliris: more (comparative of
(cf. manifest) multus, -a, -um; in the singular, usu-

quotiéns, —entis m.: quotient ally only neuter)
situs, -a, -um: (here, with esse) lie, be nequed, -ire, -1vi, -itus: cannot
situated

omneés quotientes . . . sitds esse: indirect statement; the reasoning in the a # A
case is the following: since k is deﬁned as the first integer greater than (i.e. the

ceiling of )

= A+a— “A=a
andA+m (“A—l— 1) = A+a—A+m—a+m,and51nceA+kmisan
integer, A + km must be equal to one (and exactly one) of the integers between
a+1and a+m— 1, inclusive, implying that A is congruent to that same integer
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Chapter 10 — Peano: “Dé Latiné Sine Flexione”
& “Principio Dé Permanentia”

At the turn of the 20t century, in a fierce metaphysical debate
among the mathematical community on the limitations of scientific
knowledge and logic itself, Emil du Bois-Reymond encapsulated
his stance with the word ignorabimus, “we will not know.” The use
of a Latin term may come as a surprise, considering that German
and French had already largely supplanted Latin as the common
languages of academics for almost a century. To counter du Bois-
Reymond’s perspective, the mathematician David Hilbert advocated
for a more optimistic outlook, albeit without the Latin flourish,
stating in an influential 1900 lecture that “[i]nstead of the foolish
Ignorabimus, our watchword should be, on the contrary, ‘We must
know. We will know” (McCarty, 2005)." Specifically, Hilbert
anticipated in the lecture that mathematicians would eventually
develop a finite set of basic assumptions or axioms that would be
able to prove every true logical statement (a property known as
completeness), never lead to contradictory results (consistency), and

even determine the existence of a solution to any math problem

(decidability).

An early contributor in the movement to axiomatize all of math-
ematics was the Italian mathematician Giuseppe Peano (1858 CE
— 1932 CE). Before him, little advancement had been made since
Euclid’s Elements, which presented the five postulates defining flat,
two-dimensional geometry and the rules for straightedge and com-
pass constructions; indeed, for millennia, the Elements was consid-

ered the paragon of an axiomatic system and used as the basis for

IThe original German version of this phrase, “Wir miissen wissen / Wir werden wissen,” is
inscribed on Hilbert’s gravestone.
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Peano: “Dé Latino Sine Flexione” & “Principic Dé Permanentia”

proof within even algebra and number theory. However, Peano
produced examples of geometrical objects that tested the limits of
Euclidean geometry (e.g. the Peano curve; see Figure 1 below) and
raised doubts on its reliability as a foundation for the rest of math-
ematics, doubts that remain relevant even after revisions of the Eu-
clidean axioms by Hilbert and others. Peano also set his sights on
fields other than geometry that were in need of a sound, axiomatic
formulation, in particular arithmetic. Instead of defining the binary
operation of addition, Peano presented in 1889 the more basic notion
of a successor operation, which transforms a natural number (e.g. 3)
into its successor (4). The five Peano axioms for arithmetic define a
starting number 1 that is not the successor of any other number and
that, through repeated application of the successor operation, gen-
erates all natural numbers. In contrast to Richard Dedekind, who
had attempted to derive the natural numbers from set theory a year
earlier, Peano recognized that the relations between objects in ax-
iomatic mathematics are a more suitable focus of study than the na-
ture of the objects themselves, which is undefinable (Segre, 1994).

Peano wrote the Arithmetices principia, nova methodo exposita, the
work in which he first introduced his eponymous axioms, in Latin
(although the Peano axioms themselves were of course expressed
in exclusively set theoretic notation). This decision reflects Peano’s
interests beyond mathematics and especially his study of Leibniz’s
work. As described in more detail in the chapter devoted to the
17" -century philosopher, Leibniz had envisioned a characteristica
universalis or “universal language” that not only would be compre-
hensible to anyone, but could also be used to verify whether a given
logical statement in the language is true through computation alone.

In the spirit of such an ideal characteristica nniversalis, Peano paid sig-
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Peano: “Dé Latino Sine Flexione” & “Principic Dé Permanentia”

nificant attention to developing and adopting proper mathematical
notation (Luciano, 2012). For example, he invented the symbol ¢, as
an abbreviation of est to represent inclusion in a set, which survives
to this day as the symbol €. Similarly, the idea of being able to
verify the validity of statements has now been partially realized in
the form of mathematical proof assistant software, which in fact
rely on Peano’s axioms. More importantly for the excerpt below,
however, Peano also understood the need for an artificial language
for international communication between mathematicians (Aray,
2021). To that end, he designed the Latino sine flexione or “Latin
without inflections.” In his 1903 article, “Dé Latino Sine Flexione:
Lingua Auxiliare Internationale,” excerpted here, he takes a creative
approach to teaching his new language, initially writing in Latin,
before transitioning to the “Latin without inflections” through the
gradual removal of grammatical features he declares superfluous
for scientific texts, such as gender, number, or even tense. After
1908, Peano tried popularizing the Latino sine flexione through
his position as the director of the “Akademi internasional de lingu

”»

universal,” and became an active participant in the International
Auxiliary Language community generally, which in the present
day is most famous for producing Esperanto. As a disclaimer, these
“international” languages were created partially in response to
growing tension between powerful European nations and often
relied on Germanic or Romance vocabulary to foster a European
identity (Aray, 2021), ignoring the needs of members of other
language families, who would obviously have a disproportionally
difficult experience learning these languages. As a matter of fact,
Peano began to undertake the mission of constructing the “Latin
without inflexions” upon receiving an article written in Japanese

(a product of Japan’s rapid globalization in the late 19™ century)
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Peano: “Dé Latino Sine Flexione” & “Principic Dé Permanentia”

(Ostler, 2007), although he did appreciate the lack of inflectional
grammar in Chinese (Aray, 2021).

As a proof of concept, Peano authored a short companion article
titled “Principié De Permanentia”, which, as its subtitle “Exercitic dé
Latiné réctd” indicates, was intended to be a relatively straightfor-
ward philosophical paper (with a handful of citations written in their
original language juxtaposed with their translation in the “Latin
without inflexions”). After summarizing the rules explicated in “Dé
Latino Sine Flexione,” Peano references and dismisses a definition
for the “principle of permanence” proposed by the mathematician
Hermann Schubert, that the notation for one number system that
is reused in another should signify that the two systems share the
same rules or axioms. Since Peano believes that such a notion is far
too limiting (as it would imply that one cannot use the same inequal-
ity symbol < for positive and negative numbers, for instance), in the
second excerpt below he advances his own version of the “principle”
— or, rather, recommendation — “of permanence,” adapted from
the “economy of thought” by the Austrian philosopher and physi-
cist Ernst Mach. By briefly revisiting the history of algebra since
the time of the Ancient Greeks, he advises that a new scientific or
mathematical discovery should be expressed in the way that is most
accessible to the brain of a learner — Mach had argued that this
principle stems from the very biological needs of the human organ-
ism (Mach, 1903). For instance, rather than inventing completely
new notation for vector calculus for the sake of “logical consistency,”
mathematicians should preserve the old algebraic notation to avoid
overwhelming students. Again, Peano emphasizes that the principle
of permanence is “a principle, not of logic, but of practice”: Although

the notation between algebra and vector calculus may be identical,
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if his suggestions are followed, there would still not exist a one-to-
one logical correspondence between the operations +, —, etc. in
each field (Toader, 2021). While the Larino sine flexione may have
become a “dead” language like Latin itself following Peano’s own
death, the logic and clarity it represents remain central to modern
mathematical writing, in whatever language it may be communi-

cated.

Source Texts: Our Latin texts come from Peano (1903a) and Peano
(1903b).

Note: The vocabulary entries below are in standard Latin. Indeed,
Peano created the Latino sine flexione in such a way that anyone can
read or write in the language by only consulting the principal parts
provided in Latin dictionaries.
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Peano’s Space-Filling Curves

A
A

A Y

SN U b () S S

Figure 1: Peano’s attention to rigor and fundamental assump-
tions was not merely useful for his creation of some axiomatic
systems, but also for his dismantling of others through coun-
terexamples defying intuition. The Peano curve is one such ex-
ample meant to specifically question the definition of “dimen-
sionality.” In a curve, every point can be identified using one
parameter, e.g. the distance traveled along the line, while each
point in a plane would appear to require two parameters or

coordinates to be located. Peano, however, demonstrated that
there exists a curve that traverses each point within the square,

thereby complicating the distinction between one-dimensional
curves and two-dimensional planes.

The most straightforward construction of a Peano curve is
due to David Hilbert: The first step involves simply creating a
U curve (shown in the topmost panel) within a square in order
to connect the entrance to the tile on the bottom-left corner to
the exit on the bottom-right corner. Rotations allow us to con-
nect any two adjacent corners on the square. This tile can now
be divided into four smaller squares, which can each contain
their own smaller copy of the previously constructed U curve
in such a way that the entrance and exit corners of adjacent tiles
match. We can now replace each U curve within the smaller
squares with this new version, resulting in an even more dense
curve filling in the unit square. Two iterations are shown on
the right. Repeating this substitution process infinitely, we ob-
tain, in the limit, a one-dimensional curve that, paradoxically,
fills a two-dimensional space. =
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Figure 1 (continued): This discovery by Peano anticipated
the development of the Hausdorff dimension, a generaliza-
tion of the usual notion of dimension that accounts for the ex-
tent to which self-similar structures known as fractals occupy
a higher-dimensional space. While the Hausdorft dimension
of a straight line is simply 1, the Peano curve has a Hausdorft
dimension of 2. There are also various fractals with an interme-
diary Hausdorff dimension, such as the Koch snowflake with a
dimension of {25 ~ 1.26 (Pickover, 2009).
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Peano: “Dé Latind Sine Flexione” & “Principic Dé Permanentia”

Deé Latino Sine Flexione: Lingua Auxiliare Internationale

Lingua latina fuit internationalis in omni scientia, ab imperio

Romand, usque ad finem saecult XVIII. Hodie multt reputant illam

nimis difficilem esse, iam in scientia, magis in commercié. Sed non

tota lingua latina est necessaria; parva pars sufficit ad exprimendam

quamlibet ideam.

latinus, -a, -um: Latin; (as a substan-
tive) the Latin language
flexid, -Omis f.: change; (here, in
grammar) inflexion
auxiliaris, -e: auxiliary
internationalis, —e: international
scientia, -ae, f.: science
imperium, -ii n.: empire
Romanus, -a, -um: Roman
usque (adv.): all the way
finis, -is m.: end
saeculum, -1 n.: century

hodié (adv.): today, in the present

reputd (1): (here) regard, consider

nimis (adv.): too

magis (adv.): (here) more so, to a
greater extent

commercium, -il n.: commerce

necessarius, -a, -um: hecessary

sufficio, -ere, —féci, -fectus: (here) be
adequate, be sufficient

exprimo, -ere,
(here) express

quilibet, quaelibet, quodlibet: what-
ever; any, every

-pressi, -pressus:

idea, -ae f.: idea (from the Greek idéa,
a “form”)

Dé Latind Sine Flexione: Lingua Auxiliare Internationale: the tite is
written in Peano’s “Latin without inflections” (the rules of which he explains
in the text itself) and, when converted into Latin following his rules below,
reads Latinae Sine Flexione: Lingua Auxiliaris internationalis; latino is not an
ablative, but rather a genitive because it follows the preposition de, which, in
Peano’s language, has a breadth of meaning comparable to the French “de”

or Italian “di”

reputant illam nimis difficilem esse: consider that (| language) to be too difficult; esse

is a complementary infinitive

ad exprimendam quamlibet ideam: fo express every idea; a gerund or gerundive

phrase with ad signifies purpose
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§ 1. — Casiis.

« Nominum casts semper liminari possunt substitiitis in

edrum locum particulis quibusdam. »
LEIBNIZ. Ed. Couturat a. 1901, p. 67.

Lingua latina exprimit ndminum casiis cum praepositionibus « de, ad,

ab, ex, ... » et cum postpositionibus vel désinentiis. Prima methodus

sufficit; ipsa s6la invenitur in latind populare, 2 qud dérivant linguae

neolatinae, ut italica, franca, hispanica, etc.

casus, -iis m.: (here) grammatical case

nomen, nominis n.: name; houn

éliming (1): drive out, eliminate

substituo, -ere, -1, -titus: substitute

particula, -ae f.: grammatical particle
(here in the more general sense of
a function word, which may include
prepositions)

Ed. = &ditio, -onis f.: edition

a. =anno

p. = pagina, -ae f.: page

cum (prep. + abl): (here) with, by
means of

praepositio, -onis f.: preposition

postpositid, —onis f.: postposition

deésinentia, -ae f.: (here, case) ending

methodus, -1 f.: method (from the
feminine Greek uévodoc)

invenio, -ire, -véni, -ventus: find

popularis, -e: of the people, popular,
vernacular

deérivo (1): (here, in linguistics) derive

neolatinus, -a, -um: Neolatin (here
referring to Romance languages)

ut: (here) for example

italicus, -a, -um: Italian

francus, -a, -um: Frankish; French

hispanicus, -a, -um: Spanish

substitiitis in edrum locum particulis quibusdam: ablative absolute with PPP
substitiitis; in edrum locum is an expression for “in(to) their place”

LEIBNIZ. Ed. Couturat a. 1901, p. 67.: the mathematician Louis Couturat,
a close correspondent with Peano, published La Logique de Leibniz in 1901 and
provided commentary on Leibniz’s thoughts on philosophy and, in particular,
on the characteristica iniversalis, which he himself also attempted to realize; he
contributed to the international auxiliary language of Ido, a variant of the more

familiar Esperanto (Luciano, 2012)

latind populare: Peano has in mind what used to be called Vulgar Latin, which

was hypothesized in the 19t century as a common ancestor of the Romance
languages and treated as cleanly distinct from literary Latin
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Simimus nomen inflexibile sub forma simpliciore, quae est

ablativus, vel nominativus, vel alia.

de, dativd cum ad, ablativd cum ab, ex,

Indicamus genitivo cum

Accusativo inh-

dicatur cum constriictione, ut in linguls neolatinis, scilicet

cum serié: nominativo—verbo—acciisativo, vel cum serié: qui-

acciisativo—nominativo—verbo.

simo, -ere, -psi, —ptus: take, receive;
(here) adopt

inflexibilis, -e: inflexible, unchange-
able; (here) indeclinable

sub (prep. +abl.): (here) by means of,
through

forma, -ae f.: form

simplex, simplicis: simple

ablativus, -im.: ablative (the case per-
taining to “something taken away”)

ndéminativus, -1 m.: nominative (the
case pertaining to “naming”)

indicé (1): indicate

genitivus, -1 m.: genitive (the case
pertaining to “birth”, a Latin reinter-
pretation of the Greek term yevux#,
which describes the case pertaining to

the “classes” that things might belong
to)

dativus, -Tm.: dative (the case pertain-
ing to “giving”)

accusativus, -1 m.: accusative (the case
pertaining to “accusing”; Latin gram-
maticians mistranslated the Greek oi-
Tuatixd, meaning the case pertaining
to “the effect” of an action, because
they thought it derived from oftioc,
-a, -0V, meaning “responsible for”)

constriictid, -onis f.: (here) grammat-
ical construction (e.g. word order)

scilicet (adv.): (here) namely

seriés, -1 f.: series, order

verbum, -1 n.: (here) verb

Indicamus genitivo: Peano begins to transition from standard Latin to his “Latin
without inflections,” so, from now on, all words that appear to be ablatives (or,
likewise, nominatives) can actually represent any case at all

qui-acciisativo—nominativo—verbo: Peano’s prescribed word order for a ques-
tion starting with an interrogative pronoun, inspired by the constructions found
in many Romance languages and even English
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Vocabulari6 latind commiine continet ndminativo et genitivo de
nomen. Régula commoda haec est:

« Simimus nomen Inflexibile

«a) aut identicd ad ndminativo,

«b) aut nGminativo, miitata désinentia -us, -um, -ii, -

« in-o, -0, -0, -e,

« c) aut genitivo, miitata désinentia -7 in -4, -is in -e.

« d) ad nominativo ego, [il, aliquis,

« respondé (ablativo) me, e, aliquo. »

vocabularium, -ii n.: vocabulary identicus, -a, -um (+ ad): identical to

commiinis, -e: accessible, common miitd (1): change

contineod, -ére, -ui, -tentus: (here) respondeé, -ére, -1, -sponsus: (here,
contain with acc. and dat.) correspond to,

régula, -ae f.: rule (cf. regular) equate to

commodus, -2, -um: suitable, conve-
nient

Vocabulario latind commiine . . . d& ndmen: in other words, the grammat-
ical entry for a Latin noun presents the nominative and genitive (as is the case
throughout this reader!)

miitata désinentia -us, -um, -ii, -és in -0, -0, -0, -&: ablative absolute with PPP
miitata and subject desinentia, which do not look like ablatives (note the lack of a
macron) because, according to rule a), the inflexions of nouns in the 1* declen-
sion are all reduced to the nominative singular; the singular and plural forms of
désinentia and any other word are indistinguishable and, if necessary, are distin-
guished with a quantitative adjective

-ii: Peano makes sure to account for this rare nominative singular ending that is
exclusive to neuter 4" -declension nouns, even if it only occurs in these five words:
cornii, “horn”; genii, “knee”; gelis, “frost™; pecii, “cattle™; and verii, a “spit” or “javelin”

ad nOminativo ego, ti, aliquis, responde (ablativo) me, te, aliqua: equate (the
ablatives) mé, t&, aliqud fo the nominatives ego, tii, aliquis; recall that ad signifies a
dative in Peano’s language; Peano is involving the reader directly in the gradual
conversion of Latin into the Lating sine flexione by using the singular imperative
verb responde
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Régula a) prodiicit niilla ambiguitate, quae iam non sit in lating.
Régulae b) c) d) brevi exprimunt formatione dé ablativo, cum re-
ductione dé 4-a déclinatione ad 2-a, et cum reductione ad forma

inica dé 3-a déclinatione.

prodiico, -ere, -diixi, -ductus: (here) formatio, -onis f.: formation (of a

bring forth, produce word)
ambiguitas, -atis f.: ambiguity reductio, -onis f.: reduction
brevi (adv.): briefly, in short déclinatid, -6nis f.: (here) declination

iinicus, -a, -um: one

niilla ambiguitate, quae iam non sit in latind: no ambiguity that is not already in
Latin; in other words, any ambiguities that may result from rule a) were already
present in Latin; sit is subjunctive due to the hypotheticality of the statement
(nobody can be certain of all ambiguities present in a language)

4-a declinatione: 4-ais an abbreviation of quarta (likewise for the other ordinals);

Peano replaces the 4™ and miscellaneous declensions with the 2™ and 3™ declen-
sions, respectively (e.g. friictus, ~iis m. becomes friicto)
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§ 2. — Genere masculino, femining et neutro.

« Discrimen generis nihil pertinet ad grammaticam

rationalem. »
LEIBNIZ.

Nomen solatd non habet genere. Quum volumus indicare ille,

scribémus explicité “mas, femina.’

> [ta “mater est bona” fit “mater est

fémina bono”; sed idea dé femina iam continétur in mater; igitur

post simplificatione: “mater est bond.”

genus, generis n.: (here, grammatical)
gender

masculinus, -a, -um: masculine

fémininus, -a, -um: feminine

neuter, -tra, -trum: neuter (from #e-
“not” + uter “either of two”)

discrimen, discriminis n.: distinction,
discrimination, separation

pertined, -ére, -ui, — (+ ad): pertain
to, belong to

grammatica, -ae f.: grammar (from
the Greek ypoppotixs)

rationalis, -e: rational

isolatus, -a, -um: isolated (borrowed
from Italian and in turn derived from
the Latin tnsulatus, -a, -um, “made into
an island”)

quum = cum

explicité (adv.): explicitly

mas, maris m.: male

féemina, -ae f.: female

igitur: therefore

simplificatio, -o6nis f.: simplification

Quum volumus indicare ille: temporal cum clause

“mas, fémina”: these words usually function as nouns, but they can also serve as
as adjectives, with Peano assigning them a fixed gender
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Indicatione dé genere évanescit saepe in lingua scientifica. In lingua
familiare sufficit conservare genere in ind prondomen “is, ea, id”, vel

in antiqué “hi, hae, ho.” [ ... ]

indicatio, -onis f.: indication familiaris, -e: (here) familiar, custom-
€vaneésco, -ere, -vanui, —: disappear ary

(cf. evanescent) conservo (1): preserve
scientificus, -a, -um: scientific prondmen, prondminis n.: pronoun

antiquus, -a, -um: ancient

in ind prondmen “is, ea, id”, vel in antiqué “hi, hae, ho”: Peano’s suggestion
is to add the pronoun in front of the noun whose gender one wants to specify; hice,
haece, hoce were the Old Latin forms of hic, haec, hoc that were used as emphatic
alternatives in Classical Latin and became particularly frequent in Neo-Latin, of-
tentimes written incorrectly as hicce, haecce, hocce by adding -ce to all declensions;
Peano therefore reasons that the original versions of hice, haece, hoce would lack
this -ce suffix entirely
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Principio Dé Permanentia: Exercitio dé Latind réctd

[...]ItaAlgebra, quiindica cumidemsigné +, x, =....

operatione

non solo inter numerd integrd, sed etiam inter fractd, es magnd

progresso super longd methodd dé antiqud graecd;

principium, -it n.: (here) principle

permanentia, -ae f.: permanence

exercitium, -if n.: training, exercise

réctus, -a, -um: (here) correct, proper

algebra, -ae f.: algebra (from the Ara-
bic Az al-jabr for “setting up,” a
term used by the mathematician al-
Khwarizmi to refer to a method of
solving equations)

signum, -1 n.: sign

operatio, -onis f.: operation

non solum . . .
.. but also

sed etiam: not only .

numerus, -1 m.: number

integer, -gra, -grum: (here, in a
mathematical context) integral

fractus, -a, -um: fractional (lit. “bro-
ken”)

super (prep. + acc.): over; beyond

progressus, -iis m.: a going forward;
advancement, progress

graecus, -a, -um: Greek; (as a sub-
stantive plural) Greeks

quiindica cum idem signo +, x,=. . . sed etiam inter fracto: relative pronouns
like qui are no longer declined; verbs are no longer conjugated and instead are
all in the singular imperative form; by Peano’s rules, s6l0 is equivalent to solum;
the plus sign was possibly created by the philosopher and mathematician Nicole
Oresme (and, in fact, like the ampersand, came from er); the multiplication sign
is accredited to William Oughtred, and the equals sign (representing two equal
lines) to Robert Recorde; prior to the adoption of these symbols, all algebra re-
quired verbose explanations based on geometric reasoning

es: singular imperative form of esse and stands for est
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Algebra rediice tot0 libro X de Euclide, n6t6 per magnitiidine et

difficultate, ad Gnd pagina, qui professore solé docé in and léctione

in Institiitd tecnico (Vidé Formul. p. 111).

rediicd, -ere, -diixi, -ductus: (here)
reduce

Euclidés, is m.: Euclid (Latinization of
Eox\eidng; see below)

ndtus, -a, -um: known, famous (from
noscd, -ere, novi, notus, “to learn”)

per (prep. + acc.): (here) on account
of, for

magnitiddo, -inis f.: greatness, size
(cf. magnitude)

difficultas, -atis f.: difficulty

professor, -oris m.: professor

lectio, -onis f.: lecture

institiitum, -1 n.: (here) institute

tecnicus = technicus, -a, -um: tech-
nical (from the Greek teyvixée, -1, -
6v; Peano borrows the spelling from
Italian)

Formul. = formularium, -if n.: for-
mulary (see below)

t6t0 librd X dé Euclide: Book X of Euclid’s Elements is devoted to irrational mag-
nitudes, which was a particularly controversial topic in Ancient Greek mathemat-
ics because many, including the Pythagoreans, had believed that any two lengths
were commensurable to each other (i.e. there always exists a unit such that both
lengths are integral multiples of the unit); the mathematical ideas of the book are
ascribed to Theaetetus of Athens, whose mentor, Theodorus of Cyrene, showed
that the square roots of all non-perfect squares up to 17 are irrational

qui professore solé docé: which a professor is accustomed to teach; the antecedent of

quiis iind pagina; sole, a makeshift imperative form of soleo, represents a 3rd—person
singular present active indicative, while doce would be a complementary infinitive
in standard Latin, as indicated by the word order alone

Institiito tecnico: STEM-based secondary schools in Italy

Formul. p. 111: Peano references his Formularic Mathematico, a book initially
written in French (and then translated into the “Latin without inflections” for
its fifth edition) that discusses the fundamentals of higher mathematics in clear
and concise notation accessible to anyone with some experience in set theory; an

excerpt is shown in Figures 2 & 3
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Figures 2 & 3: Pages 110 and 111 of Peano’s Formulario Mathematico
restate algebraically a couple of the propositions in Euclid’s Book X.
D is equivalent to the modern implication symbol =. Peano explains that
p_gq, for statements p and g, is just a reversal of ¢Cp, where C signifies
consequentia. Image credits: Formulaire de Mathématiques, public domain.
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In saeculo ultimo plire auctére indica cum idem signd +, sive
summa dé algebra, sive resultante dé vectore, et ita construe Calculd
geometrico, qul in respecto ad Geometria, es idem progresso
quam Algebra in respectd dé Arithmetica graecd. Tunc principid
dé permanentia idem es ac principic generale dé oeconomia, qui
subsiste in linguistica, didactica et politica, ut démonstra E. MacH,

in capitulo de «natiira oeconomico dé progressod physico» dé Populir

Vorlesungen, Leipzig a. 1903.

ultimus, -a, -um: last

pliis, pliris: more; very many (com-
parative of multus, -a, ~um)

auctor, -oris m.: author, writer

sive . . . sive: either ... or

summa, -ae f.: sum

resultins, -antis m.: (in math, asasum
of vectors) resultant

vector, -Oris m.: (in math) vector

-structus:

construo, -Struxi,

construct

-ere,

calculus, -1 m.: calculation, calculus
(originally the diminutive of calx, cal-
cis [, “stone,” because little stones were
used for counting boards)

gedmetricus, -a, -um: geometrical

in respectii (+ gen. or ad): with re-
spect to

gedmetria, -ae f.: geometry

quam: (here, in a comparison) as

arithmética, -ae f.: arithmetic (from
the Greek dpududc for “number”)

ac: (here, in a comparison) as

generilis, -e: general

oeconomia, -ae f.: economy (from
the Greek roots oixoc, “house,” and
vépoc, “law”; here used in the more
modern usage of the term, as “a care-
ful use of resources” or “thrift”)

subsistd, -ere, -stitl, — (here) abide,
remain, exist

linguistica, -ae f.: linguistics

didactica, -ae f.: didactics, the sci-
ence of teaching (from the Greek di-
Baxtinde, -#, -6v, ultimately from
BLddoxeLy, “to teach”)

politica, -ae f.: politics (from the
Greek nohtxde, -1, -4v, ultimately
from moAe, “city”)

demonstrd (1): demonstrate, prove

E. Mach: Ernst Mach (see below)

capitulum, -1 n.: chapter (diminutive
of caput, capitis n.)

oeconomicus, -a, -um: economical
(here, again, in the sense of “thrifty”)

physicus, -a, -um: of physics (from
the Greek giotc, “nature”)

Populir Vorlesungen: under the title Populir-wissenschaftliche Vorlesungen, Ernst
Mach published a collection of lectures on various topics in science, including
the hair cells of the ear, the speed of light, the purpose of binocular vision, the
importance of randomness and accidents in the development of inventions, and
the principle of economical thought, which Peano cites here (Mach, 1903)
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a/ab (prep. + abl.): by; from; away from

ac/atque: and, also

accipio, -ere, -cepi, -ceptus: take, receive, accept

ad (prep. + acc.): to, toward, at

ago, -ere, &g, actus: drive, lead; do; act

aliquis, aliquid: anyone/anything; someone/something
alius, alia, aliud: other, another

alter, -era, —erum: either one (of two), the other, another
altus, -a, -um: high; deep

ambuld (1): walk

amicus, -1 m.: friend, loved one

animus, animi m.: mind; intellect; soul

annus, -1 m.: year

aqua, -ae f.: water

at: but
audio, -ire, -1vi, -1tus: hear, listen
aut: or; either . . . or (aut . .. aut)

autem: but, however; moreover

beneé (adv.): well

bonus, -a, -um: good

brevis, —e: short

caelum, -1 n.: sky, heavens

capio, -ere, C€pi, captus: seize

caput, capitis n.: head

causa, -ae f.: cause, reason

civis, -is m./f.: citizen

corpus, —oris n.: body

cum: with (prep. + abl.); when, while, since, although (conjunc-
tion

dé (prep. + abl.): from; down from; about, concerning, regarding

débeo, -ére, -ui, -itus: owe; must

deinde/dein: then

désero, -ere, -ui, —tus: leave, desert, abandon

deus, - m.: god

dico, -ere, dixi, dictus: say; call

diés, diei m.: day
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difficilis, -e: difficult

do, dare, dedi, datus: give

doceo, -ére, -ui, -tus: teach

domus, -1/-is f.: house

diico, -ere, diixi, ductus: lead

dum: while

duo, duae, duo: two

diirus, -a, -um: harsh

é/ex (prep. + abl.): out of; from

ego, meil, mihi, mé, mé: [, my, me

enim: for, indeed

€o, 1re, i, itus: go

ergo: therefore

et: and; also; even; both . . . and (er. . . ef)
etiam: also, even

exeo, -ire, -ii, -itus: go forth

facilis, -e: easy

facio, -ere, féci, factus: do, make

tero, ferre, tuli, latus: carry; take; endure
{15, fieri, factus sum: be made, be done; become; happen
genus, generis n.: kind, class, family
gravis, -e: heavy, severe

habeo, -ére, -ui, -itus: have, hold, consider
hic, haec, hoc: this; these

hic: here

homo, hominis m.: man, person, human
iam: now; already; at last

idem, eadem, idem: the same (person or thing)
ille, illa, illud: that; those

in: in, on (prep. + abl.); into, onto (prep. + acc.)
insula, -ae f.: island

inter (prep. + acc.): between, among

ipse, -a, -um: him-, her-, itself; the very

is, ea, id: he/she/it/they

iste, ista, istud: this, that

ita: thus, so, like

itaque: and so, therefore
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labor, -oris m.: work, toil, labor

lego, -ere, légi, lectus: read

liber, libri m.: book

lingua, -ae f.: language

locus, -1 m.: place, point

longus, -a, -um: long, far

magis (adv.): more

magnus, -a, -um: great

maior, maius: greater

manus, -us f.: hand

mare, -is n.: sea

mater, matris f.: mother

maximus, -a, -um: greatest, largest

méns, mentis f.: mind; reason, judgement
meus, -a, -um: my

mille, (pl.) millia (milia): thousand

minor, minus: less, smaller

miser, -era, —erum: wretched, miserable
modus, -1 m.: manner, way, method; measure; limit
mons, montis m.: mountain

mors, mortis f.: death

multus, -a, -um: much, many

nam: for, because

natiira, -ae f.: nature

né: not; that not (negation with subjunctives)
neque/nec: nor, and not; neither . . . nor (neque . . . neque)
nihil (indecl.): nothing

nisi: if not, unless; except

non: not

nos, nostri/nostrum, nobis, nos, nobis: we, our, us
noster, -stra, -strum: our

novus, -a, -um: new

nox, noctis f.: night

niillus, -a, -um: no, none, not any

nunc: now

oculus, - m.: eye

omnis, -e: all, every, whole

273



Glossary

ostendo, -ere, -1, ostentus: to show, present

pars, partis f.: part, portion; region

parvus, -a, -um: small

paucus, -a, -um: few

per (prep. + acc.): through; by means of

peto, -ere, -1vi, -itus: seek

pono, -ere, posui, positus: put, place

possum, posse, potul: be able, can

post: later (adv.); after (prep. + acc.)

primus, -a, -um: first

pro (prep. + abl.): for, in place of; in proportion to, in accordance
wit

propter (prep. + acc.): because

pulcher, -chra, -chrum: beautiful

putd (1): think

quaero, -ere, -s1v1, -situs: seek; desire; require

quam: than (after comparatives)

quartus, -a, -um: fourth

quattuor (indecl.): four

-que: and (enclitic)

qui, quae, quod: who, which, that

quia: since, because

quidam, quaedam, quoddam: a certain person/thing

quidem: indeed, certainly

quinque (indecl.): five

quis, quid: who, what

quisque, quaeque, quodque: each, every, any

quisque, quidque: everyone, everything

quisquis, quidquid: whoever; whatever

quod: because

quoque: too, also

rés, rei f.: thing; matter, affair

respondeé, -ére, -1, —ONSsus: respond, answer

saepe: often

scribo, -ere, scripsi, scriptus: write

secundus, -a, -um: second

sed: but
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semper: always, ever

sequor, -1, seciitus sum: follow

stz if

sic: in this way, thus

sine (prep. + abl.): without

sol, solis m.: sun

soled, -ére, -itus sum: be accustomed
solus, -a, -um: only, alone

sub (prep. + acc. or abl.): under

sui, sibi, sé, sé: him/her/itself, themselves
sum, esse, fui, futiirus: be; exist
summus, -a, -um: highest, greatest
suus, -a, -um: his own, her own, its own
tam: so, so much

tamen: nevertheless

tantus, -a, -um: such great, so great
tempus, -oris n.: time

tened, -€re, -ul, -tus: hold, keep

terra, -ae f.: land; (in the singular or plural) the Earth, world
tertius, -a, -um: third

totus, -a, -um: whole, entire

trés, tria: three

til, tui, tibi, t€, t&: you, your (singular)
tum: then, next; at that time; also

tunc: then, at that time

ubi: where; when

unus, -a, -um: one

urbs, urbis f.: city

ut: to, in order to (+ subjunctive); how, when, as (+ indic.)
vel: or;either . . . or (vel . . . vel)

venio, -1re, véni, ventus: come
verbum, -1 n.: word

via, -ae f.: road, path

vided, -&re, vidi, visus: see; seem (pass.)
vir, viri m.: man

vita, -ae f.: life

Vvivo, —ere, Vixi, victus: live
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voco (1): call
volo, velle, volui, —: wish, want; be willing
vOs, vestri/vestrum, vobis, vos, vobis: you, your (plural)
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