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PREFACE

When Garland Publishing invited me several years ago to edit an encyclopedia of the
Scientific Revolution, | welcomed the opportunity. Here was a means of providing a
wider audience with the fruits of the most recent scholarly research on a fascinating
complex of events that helped shape the modern world. The study of the origins of
modern science in the sixteenth and seventeenth centuries has been a widely expanding
field that, in recent years, has undergone significant changes in emphasis and outlook—as
have studies in the history of science as a whole. Interest in the subject has grown
enormously since World War Il. In the mid-twentieth century, only a handful of
universities offered courses in the history of science; at the century’s end, hundreds of
universities did, and many of them offered doctoral programs in the field, There are now
dozens of journals devoted to the history of science, and thousands of books and articles
are published each year.

As the history of science has developed as an area of study, its course has exhibited
patterns similar to those seen in the natural sciences. Both have undergone processes of
fission and fusion, with research areas branching out into subfields, and two or more
uniting to create new fields of research. The history of science, initially practiced by
historians, philosophers, and retired scientists, now attracts social historians, sociologists,
anthropologists, historians of religion and of technology, and literary historians. It has
come to embrace biographies of scientists; the histories of scientific disciplines and their
branches; scientific institutions; the analysis and development of broad concepts such as
matter, motion, and life; the support of scientific activities; the philosophical foundations
and implications of science; the relation of science to fields such as medicine and
technology; and the social contexts within which scientific ideas and practices emerged.

The expertise required for the creation of an encyclopedia as complex as one on the
Scientific Revolution led to the recruitment of more than 160 contributors from fourteen
countries. The 441 articles, however, were designed to appeal to a wide readership. A
user’s guide has been provided as an aid for the reader in finding his or her way in the
subject matter of the encyclopedia as a whole, and a number of entries on various
historiographical approaches to the history of science are included.

The creation of the Encyclopedia of the Scientific Revolution has been a lengthy and
complex task. Its difficulties were eased by the suggestions and assistance, particularly in
the design of the encyclopedia, of the members of the advisory board: Ernan McMullin,
Paolo Rossi, John A.Schuster, Richard S.Westfall, and Robert S.Westman. Of particular
value was the counsel of the late “Sam” Westfall, who also wrote more words for this
volume than any other contributor. Many of his former students are also contributors, a
testimonial to his excellence as a scholar and teacher. Special thanks are due also to a
number of contributors who provided criticism, advice, and suggestions. They include
William Eamon, Robert A.Hatch, John Henry, David Kubrin, John Lankford, Margaret
Osler, and Albert Van Helden. Naomi Bernards Polonsky provided helpful advice and



encouragement on my own authorial efforts. There were others as well, too numerous to
list, who graciously responded to my queries or calls for assistance. | am grateful to them
all and hereby relieve them of responsibility for whatever flaws may be found in this
volume. Special thanks for contributing illustrations or their help making photographs or
photocopies are owed to Vincent Golden of the Galvin Library of Illinois Institute of
Technology, Marilyn Ogilvie of the University of Oklahoma’s History of Science
Collections, Renzo Baldasso of the University of Oklahoma, R.Russell Maylone and the
staff of Special Collections at Northwestern University Library, Liba Taub and Catriona
West of the Whipple Museum of the History of Science at Cambridge University, and to
those individuals who contributed pictures from their own collections.

Coping with computer disks using an astonishing variety of software submitted by the
encyclopedia’s contributors as well as with a number of computer problems would have
been more difficult without the helpful assistance of Emad Al Shawakfa and the staff of
the Academic Computing Center at Illinois Institute of Technology. For important and
necessary editorial and technical assistance, | am grateful to several former and present
members of the editorial staff of Garland Publishing. The help provided by Earl Roy and
Marianne Lown of Garland Publishing was indispensable; they were also quite patient
with a novice at this sort of enterprise, as were Joanne Daniels and Tim Roberts. Kenny
Lyman deserves credit, if that is the right word, for persuading me to undertake what has
taken a substantial chunk out of my working life and proven more difficult than | had
imagined. Now that the work has issued from the press, however, | want to express my
thanks to her.

Wilbur Applebaum



INTRODUCTION AND USER’S GUIDE

For several centuries, the study of the natural world has been perceived as having
undergone unusually significant changes in sixteenth- and seventeenth-century Europe,
changes that broke decisively with earlier conceptions and practices and paved the way
for the emergence of modern science. Only since the midtwentieth century, however, has
the term “Scientific Revolution” been applied to those changes and those two centuries.
“Revolution” was thought to be apt in light of the emergence in that era of novel concepts
concerning the structure of the universe, as well as of the nature of matter and motion and
the means of acquiring knowledge of them. It was a period rich in radical transformations
of ideas about the natural world that were inherited from the ancients and modified in the
Middle Ages by Muslim scholars and western Scholastics.

At the beginning of the sixteenth century, the universe was thought to be spherical,
finite, geocentric, and completely filled with matter. By the end of the seventeenth
century, the universe had come to be thought of as infinite, heliocentric, and possessed of
vacuous spaces large and small. In the course of those two centuries, the belief that the
heavens obeyed different laws from those on earth was abandoned. Analogies to
mechanical action largely replaced explanations of natural events in terms of purpose,
values, inherent qualities, and occult powers. Although the universe increasingly came to
be seen as operating on principles similar to those determining the workings of a clock,
the seventeenth century also gave birth to the immensely fruitful, yet decidedly non-
mechanistic concept of universal gravitation; it also provided room for the operation of
other nonmechanical principles.

In the study of living things, as well, long-held traditional ideas were replaced by new
ones. Blood circulated rather than flowed and ebbed through arteries and veins.
Reproduction, it was learned, began with the union of egg and sperm. Sexual
reproduction was noted in plants, and new taxonomical arrangements were proposed as a
great many new plant and animal species were discovered. Related patterns in anatomical
organization and embryological development were discerned in comparative studies of a
variety of species. Living things were divested of souls as governors of their activities;
life functions were understood as analogs of physical and chemical processes.

The increasing employment of experiment, mathematics, and novel instruments was
decisive in the creation of many of these changing ideas. Experiments were designed to
gain new facts, test hypotheses, yield quantifiable results where possible, and be capable
of replication. Close and detailed observation and increasingly precise measurement
became important desiderata, as did the ability to observe the very small and the very
distant.

Some historians of science have questioned the use of the term “Scientific Revolution”
to characterize these changes, stating that it has misleading and anachronistic
implications. Scientific ideas would seem to be disembodied from their cultural contexts.
“Revolution,” it is objected, implies an ahistorical, “triumphalist” account, in which a few



scientific geniuses, responding to “crises” in their disciplines, rapidly overturned certain
concepts and methods and led us from ignorance, superstition, and error to the truths and
successes embodied in modern science.

Further, the characterization of early modern science as revolutionary tends to ignore
the sometimes piecemeal processes by which new ideas emerged in its various branches
and the often lengthy periods during which, for sound reasons, opposed theories were
simultaneously held. Nor was due credit given to the roles played by the gradual recovery
and translation of influential classical Greek texts and the questioning of traditional
principles in the late Middle Ages. These medieval efforts led to important developments
upon which the recasting of fundamental concepts in the sixteenth and seventeenth
centuries was based. Moreover, some of the scientific disciplines pursued during the
period do not exhibit the very marked changes that were true of astronomy and some of
the physical sciences; instead, these disciplines underwent slow changes without radical
alterations in their underlying principles. Although the transformation of scientific ideas
and practice in the sixteenth and seventeenth centuries was a significant turning point in
the creation of modern science, it is objected that an even greater role in that process was
played by events in the nineteenth and twentieth centuries. One could say, therefore, that
there were two or more scientific revolutions.

A good case, however, can be made for retention of the term Scientific Revolution as
unique to the sixteenth and seventeenth centuries. Whether or not events during this
period represent the beginnings of what we call modern science, they certainly
constituted a decisive break with the past. Prime axioms of ancient and medieval
sciences, their modes of investigation and scientific explanation, however modified over
the centuries, were overturned. The sometimes slow processes by which old scientific
theories were challenged and new ones emerged and debated do not invalidate the
concept of the Scientific Revolution, which was not an event, but a complex of events.

In the course of two centuries the tempo of change in the replacement of old scientific
ideas and methods with new ones was much more rapid and radical than had been the
case in the preceding two millennia. Although the scientists of the period did not
characterize their efforts as revolutionary, they were nevertheless aware that they were
creating a wholly new enterprise. The authors of some of the truly revolutionary scientific
ideas of the nineteenth and twentieth centuries had no such sense that they were
transforming the scientific enterprise as a whole. More to the point, one may as well take
issue with such historical categories as the Industrial Revolution and the Renaissance.
They, along with the term Scientific Revolution, encompass periods and complexes of
events broad enough to provide an identifiable framework for investigation, analysis, and
understanding. Just as the Renaissance has come to embrace a field far beyond a “rebirth”
of classical languages, learning, and style, so has the Scientific Revolution come to stand
for much more than the creation of new scientific concepts and practices.

Developments in the world of science, or natural philosophy as it was then called, took
place amid significant social and economic changes in European society, in its
institutions and in intellectual life. The Renaissance and early modern period was the era
of exploration, geographical discovery, encounters with hitherto unknown peoples, and
the creation of colonial empires. These early stages in the creation of a world economy
coincided with the efforts of monarchs and princes to consolidate and enlarge their
powers. To enhance their prestige, and in the hope of practical benefits, rulers became



patrons of mathematicians and natural philosophers. Interest in natural philosophy
became fashionable among the social elites, and themes from the new science appeared in
the works of poets. Improvements in the technologies employed in mining, hydraulics,
horology, cartography, navigation, and warfare resulted in new respect for artisans and
their crafts. The idea inherited from the ancient Greeks—that thinking was superior to
doing—came under challenge. In the course of the sixteenth century, an interventionist
style emerged in the pursuit of natural philosophy, emphasizing practice united to
reflection. Anti-Aristotelian sentiments grew in the universities, as well as impatience
with Scholastic logic-chopping. Magic and alchemy grew in importance and complexity,
reflecting an increase in the desire to know by doing, by the manipulation of nature.
Professors of anatomy, such as Andreas Vesalius (1514-1564), began to perform
dissections to see what could be learned, rather than having their assistants dissect to
demonstrate traditional views.

New institutions for the conduct of scientific activities and their promotion were
created. The printing press and the establishment of postal services permitted the
exchange of ideas and collaborative efforts to a degree impossible before the Scientific
Revolution. Scientific societies were founded in the seventeenth century, and scientific
knowledge began to become available to those who had not been schooled in Latin or
attended universities. Scientific works were beginning to be written in and translated into
the vernaculars. Works written for the nonscientist attracted an audience, and institutions
offering lectures to the public were established.

In the realm of religion, traditional beliefs were challenged both by the Protestant
Reformation and by scientific developments. Boundaries to human knowledge once
thought to derive from theological certitudes were called into question by practitioners of
the new natural philosophy. They argued that man, despite his limitations, was made in
the image of an omniscient God, who had given humans the ability to gain greater
knowledge of the Creator’s works. The new science was charged with denying divine
Providence and the Creation as well as promoting atheism. In response, its defenders
argued that the pursuit of natural philosophy was justified on theological grounds as
revealing in new ways the infinite wisdom and power of the Creator. The argument from
design—that the observed ordered complexity of the natural world is evidence of divine
purpose—received fresh impetus with every new discovery. When scientific positions
were challenged on the grounds of scriptural authority, natural philosophers felt
compelled to insist that science and religion were distinct areas of human knowledge and
authorities in each should not insist on making claims in the other field. Implications of
scientific developments for religion, of little concern in the sixteenth century, became
significant in the early years of the seventeenth century. Nicolaus Copernicus’s (1473-
1543) work on sun-centered astronomy, published in 1543, received little attention on
religious grounds until Galileo Galilei (1564-1642) began to promote it about seven
decades later.

Not only the Catholic Church found the idea of a moving earth objectionable; the
concept violated the most fundamental principles of the science of motion as then known.
In the first half of the seventeenth century, the study of motions of various kinds proved
highly significant. Motion was slowed and broken down into small increments in order to
yield new principles at odds with those of the ancients. Johannes Kepler (1571-1630)
figuratively slowed down the motions of planets by breaking their orbits into one-degree



arc-segments to determine the relationship between the speed of a planet and its distance
from the Sun. The result was the overthrow of the ancient axiom that all celestial motions
must be circular and uniform. William Harvey (1578-1657), in his experiments slowing
down the beating hearts of dying mammals and cold-blooded animals to study the motion
of the blood, showed how blood circulates, thus refuting the traditional doctrine that the
blood ebbs and flows in its channels. Galileo, slowing the motion of falling balls by
rolling them down inclined planes, determined that the rate at which bodies fall is
independent of their weights—contrary to what had long been thought—and that falling
bodies accelerate uniformly during equal time periods.

The decisive events determining the nature of the Scientific Revolution were focused
in the first half of the seventeenth century. Aristotle’s theory of matter, its elements and
qualities, was discarded in favor of new particulate theories of matter. It was in these few
decades that experiment, precise observation, and mathematics were employed to
challenge ancient, long-held scientific principles and to create new ones. It is no mere
coincidence that, in this relatively short period, logarithms, the slide rule, calculating
machines, the pendulum clock, the microscope, the telescope, the air pump, and heat-
measuring devices were invented. During the Renaissance, the pursuit and attainment of
scientific knowledge had been justified by arguments stated in terms of the restoration of
long-lost truths. By the early seventeenth century, emphasis was on the renovation of the
sciences, on novelty, on the discovery of things the ancients had never known. Francis
Bacon (1561-1626) put forward the rapidly adopted idea that science is a progressive and
collective enterprise. The pursuit of natural philosophy was newly justified on the
grounds of its practical benefits. René Descartes (1596-1650) explained that the natural
world and all in it, other than parts of the human soul, operates on mechanical principles.

This uniquely creative segment of the Scientific Revolution was followed by one in
which its achievements were absorbed and developed further. New discoveries were
made and new theories proposed in astronomy, mechanics, pneumatics, optics, chemistry,
and physiology, aided by the increased use of experimentation, the telescope, and the
microscope. The earlier development of algebra and analytic geometry culminated with
the invention of calculus by Gottfried Wilhelm Leibniz (1646-1716) and Isaac Newton
(1642-1727). Newton’s unparalleled achievements in the creation of the calculus, a new
systematic mechanics embracing both celestial and terrestrial phenomena, and his light
and color discoveries in the latter part of the seventeenth century mark a useful
culminating boundary for the Scientific Revolution.

User’s Guide

The topics chosen for the Encyclopedia of the Scientific Revolution reflect the recent
expansion of history of science studies to include issues of social and cultural context.
Here one can find not only scientific ideas and individuals, but also categories and topics
that would never have found their way into such a work several decades ago. Among
them are aspects of the occult (sometimes called the pseudo-sciences), technology,
medicine, scientific institutions, religion, language and literature, and social conditions



that have some bearing on the development of science or that were affected by the
development of science. Interpretations of the Scientific Revolution, its scope and
meaning, are many and include challenges to the concept itself. Various entries will
reflect those differing interpretations and are chiefly encountered in several essays
dealing with historiographical issues.

A word of caution concerning certain expressions used in this encyclopedia: the
history of science is replete with examples of the changing meanings and connotations of
certain terms. We have seen this in the case of the concept of the Scientific Revolution
itself. An atom was understood quite differently in ancient Greece, the seventeenth
century, and the twentieth, as was the word “soul.” Our use of the word “science” has a
more restricted meaning than it had during the Scientific Revolution; the closest to it in
meaning at that time is the term “natural philosophy.” For much of the period, astrology
and alchemy were considered valid sciences. Words such as “scientist,” “biology,” or
“psychology” did not exist. To be intelligible to the modern reader, however, such words
are occasionally used with the understanding that their meanings embody concepts
similar to but not identical with those used during the Scientific Revolution.

As far as possible, entries reflect a sense of the development of the topic over time,
whether a decade, a life-time, or the approximately two centuries covered by this
encyclopedia. Dates given in the various articles are in the Christian era unless designated
as B.C.E. Authors of entries on the various disciplines and broad subject areas, such as
Mathematics, Astronomy, Medicine, and Botany, aim at elucidating, within the limits of
space, such aspects of the subject as its scope, branches, theoretical basis, methodologies,
relation to other fields, means of preparation of its practitioners, and how all of these may
have changed over time. The longer entries on individuals emphasize the development of
their ideas, methods, and practices. Entries ending in “ism,” or associated with major
figures and including an adjectival form of the person’s name, such as Copernicanism,
Cartesianism, and so on, deal with the reception of the ideas of that individual.

The taxonomical listing that follows is intended to give the reader some idea of the
organizational structure of the work and the criteria for choice of topics. Topics on
persons have been omitted here on the grounds that many individuals did not restrict their
activities to a single discipline. General categories followed by an asterisk are also
entries, as are the topics listed under them.



TOPICAL OUTLINE

I. Philosophical Schools, Worldviews, and Associated Concepts

A. Philosophical Traditions
Aristotelianism
Epicureanism
Neoplatonism
Neopythagoreanism
Skepticism
Stoicism

B. Renaissance Nature Philosophies and Concepts
Chemical Philosophy
Correspondences
Hermetism
Macrocosm/Microcosm
Rosicrucianism

C. Mechanical Philosophy”
Active Principles
Atomism
Cartesianism
Clockwork Universe

D. Methodology
Demonstration
Dialectic
Empiricism
Experience and Experiment
Hypothesis
Laws of Nature
Logic
Measurement
Resolution and Composition
Teleology
Theory

E. General Concepts
Attraction
Baconianism
Causality
Classification of Sciences
Cosmogony
Elements



Ether

Infinity of the Universe
Matter

Mixed Sciences
Motion

Plurality of Worlds
Qualities

Secrets of Nature
Space

Spirit

Time

Utopias

Void

I1. Disciplines (Scope, Branches, Methods, Discoveries)

A. Mathematics*
Algebra
Analytic Geometry
Calculus
Decimals
Infinitesimals
Infinity, Mathematical
Logarithms
Music/Harmonics
Probability
Series, Mathematical
Statistics
Trigonometry

B. Physics*

Mechanics*
Dynamics
Force
Impetus
Inertia
Kinematics
Mass

Optics
Color
Diffraction
Light Transmission
Reflection
Refraction
Vision



Other Physical Sciences
Acoustics
Chemistry
Electricity
Geology/Mineralogy
Heat
Hydraulics and Hydrostatics
Magnetism
Meteorology
Pneumatics
Theories of the Earth

C. Astronomy™*
Astronomical Tables and Ephemerides
Calendar Reform
Celestial Spheres
Comets
Copernicanism
Cosmic Dimensions
Geoheliocentrism
Keplerianism
Novae
Parallax
Precession
Ptolemaic Astronomy
Telescopic Astronomy
Tides

D. Animate Sciences
Anthropology and Race
Botany
Embryology
Epigenesis
Fermentation
Generation
Microscopy
Natural History
Preformation
Psychology
Sex and Gender
Soul
Species
Spontaneous Generation
Taxonomy
Vitalism
Zoology

E. Medical Sciences



Anatomy
Colleges of Physicians
Dissection
Etiology
Galenism
Humors
latrochemistry
latromechanics
Medicine
Pharmacology
Pharmacy
Physiology
Pneuma
Surgery

F. Occult Sciences
Alchemy
Astrology
Kabbalah
Magic
Witchcraft

G. Instruments
Air Pump
Astrolabe
Barometer
Calculating Machine
Compass
Cross-Staff
Microscope
Proportional Dividers
Quadrant
Slide Rule
Telescope
Thermoscope/Thermometer

I11. Institutions, Organizations, and Communication

A. Scientific Instruction
College Royal
Collegio Romano
Educational Reform
Gresham College
Medical Education
Universities
B. Scientific Societies
Académie Royale des Sciences
Academies



Accademia dei Lincei
Accademia del Cimento
Montmor Academy
Oxford Philosophical Society
Royal Society

C. Observatories, Laboratories, and Collections
Botanical Gardens
Laboratories
Menageries
Museums and Collections
Observatoire de Paris
Royal Observatory at Greenwich
Uraniborg

D. Scientific Communication
Acta Eruditorum
Bureau d’adresse
Correspondence Networks
Journal des S¢avans
Philosophical Transactions

IV. Social and Cultural Contexts

A. Social Aspects
Government and Science
Humanism
Ideology, Science as
Patronage
Political Theory
Popularization
Public Knowledge
Social Class and Science
Styles of Science: National, Regional, and Local
Virtuosi
Women and Natural Philosophy
B. Religion and Natural Philosophy*
Biblical Chronology
Biblical Interpretation
Book of Nature
Cambridge Platonists
Galileo and the Church
Physico-Theology
Prisca theologia
Providence
Reformation, Protestant
Society of Jesus
C. Language, Literature, and Representation



Art
Discourse, Modes of
Emblematics
Encyclopedias
Illustration
Libraries
Literature
Perspective
Printing
Rhetoric
Translations
Universal Languages

D. Technology, Applied Sciences, Crafts
Agriculture
Almanacs
Archaeology and Antiquities
Acrchitecture
Automata
Ballistics and Gunnery
Books of Secrets
Camera Obscura
Cartography
Casa de la Contratacion
Exploration and Discovery
Fortification
Geography
Globes, Astronomical and Terrestrial
Histories of Trades
Horology
Instrument Makers
Mining and Metallurgy
Navigation
Shipbuilding
Surveying

V. Historiographical Issues and Interpretations
Craftsman-and-Scholar Thesis
Internal/External Historiography
Magic and the Scientific Revolution
Marxist Historiography
Medieval Science and the Scientific Revolution
Positivist Historiography
Puritanism and Science
Realism
Revolutions in Science
The Scientific Revolution



Warfare of Science and Theology
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1462

1469

1472

1486

1494

1503

1514

1518

1522

1530

1530-
1536

1531

CHRONOLOGY

Publication of the widely read Epitome of Ptolemy’s Almagest by Georg Peurbach (1423-
1461) and Johannes Regiomontanus (1436-1476)

Initial Latin translation of the Corpus Hermeticum, an influential series of tracts on
theology and the occult, believed to have been written by Hermes Trismegistus, an ancient
Egyptian sage

Georg Peurbach’s New Theory of the Planets, written in 1454, attempts to reconcile
geometric models for predicting planetary positions with Aristotle’s homocentric celestial
spheres

Publication of The Hammer of Witches, on the nature of witchcraft and the necessity of its
punishment

Giovanni Pico della Mirandola (1463-1494) attacks the practice of astrology as interfering
with belief in Providence and human free will

The introduction to Europe of Arabic numerals for arithmetic computation, including their
use in fractions and the extraction of square roots, is published by Luca Pacioli (ca. 1445—
1517)

Founding of the influential Casa de la Contratacion in Seville by the Spanish monarchy
for the teaching and improvement of navigation and cartography

A draft of the heliocentric theory of Nicolaus Copernicus (1473-1543), the
Commentariolus (Little Commentary) circulates among astronomers

Granting of a royal charter to the London College of Physicians, functioning as a guild,
but also as a learned society

Completion of the first circumnavigation of the globe by the expedition initially led by
Ferdinand Magellan

A description of and speculation on the causes of a disease new to Europe is published in
Syphilis, or the French Disease by Girolamo Fracastoro (1478-1553)

Establishment of the Collége Royal in Paris for the advancement of learning by providing
free lectures to the public on, among other subjects, philosophy, mathematics, and
medicine

Publication of Otto Brunfels’s (ca. 1489-1534) Portraits of Living Plants, the first
publication by a botanist to incorporate illustrations from nature rather than from copies
and narratives in traditional accounts

The first emblem book, the enormously popular Emblemata by Andrea Alciati (1492—
1550), providing a visual language through the use of symbolic images associated with
brief mottoes frequently taken from classical and religious sources, influenced
representations of plants and animals in books of natural history

Juan Luis Vives (1492-1540) urges the reform of education and the importance of
empirical knowledge by learning from craftsmen in his On the Disciplines



1532

1533

1538

1539

1540

1541

1542

1543

1545

1546

1547
1551

1553

1554

1555

Peter Apian (1495-1552) and Girolamo Fracastoro note that the tail of the comet seen in
that year—Ilater known as Halley’s Comet—points away from the Sun

Publication of Heinrich Cornelius Agrippa’s (1486-1535) On Occult Philosophy, an
influential compendium of the occult sciences

An effort to eliminate apparent contradictions between Ptolemaic astronomy and Aristotelian
cosmology is made in Homocentrics, or On the Stars by Girolamo Fracastoro

Establishment of clinical teaching and the use of patients’ medical histories at the University
of Padua

Vannoccio Biringuccio (1480-ca. 1540) publishes the first comprehensive text on
metallurgy

A description of Nicolaus Copernicus’s heliocentric astronomy is provided by Georg
Joachim Rheticus (1514-1574) in his Narratio prima (First Account)

Giovan Battista Canano’s (1550-1579) work on anatomy, based on some of his own
observations, showing in a novel way, through etchings, the relations of the muscles to their
functions

A novel, widely influential, and masterfully illustrated herbal by Leonhart Fuchs (1501-
1566), On the History of Plants, depicts plant forms with their essential generalized features

Andreas Vesalius’s (1514-1564) On the Fabric of the Human Body, the most influential text
on anatomy in its time, based on his own dissections and beautifully illustrated, notes a
number of errors in the classical anatomy of Galen

Nicolaus Copernicus’s heliocentric theory is published in his De revolutionibus orbium
coelestium (On the Revolutions of the Celestial Spheres)

Girolamo Cardano’s (1501-1576) The Great Art brings together many earlier algebraic
innovations and introduces his novel methods for dealing with equations of the third degree

Establishment of the first medicinal plant gardens at the universities of Padua and Pisa

Ambroise Paré (ca. 1510-1590) publishes the first of his innovative methods in surgery—the
use of mild dressings instead of cautery in the treatment of wounds and incisions

The spread of plague is explained by Girolamo Fracastoro in his On Contagion, by the
spread of disease “seeds” through personal contact, thecommon use of “seed”-carrying
objects, or through the air

Preparation of the first standardized pharmacopoeia in Nirnberg

Publication of Erasmus Reinhold’s (1511-1553) Prutenic Tables, based on Copernicus’s
planetary models, perceived as the most accurate of their time

Founding of the Collegio Romano as a Jesuit university, many of whose teachers and
students were active scientists during the Scientific Revolution

Michael Servetus (1511-1553) puts forward his description of the pulmonary circulation of
the blood in a heretical theological work, for which he was burned at the stake by John
Calvin, in Geneva

Giovanni Battista Benedetti (1530-1590) challenges Aristotle’s theory that falling bodies
move with speeds proportional to their weights

Pierre Relon’s (1517-1564) Historv of the Natire of Rirds features illustrations that had all
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1566

1569

1570

1572

1576

1577

been made from his own observations rather than from traditional and sometimes imaginary
accounts and presents an anatomical comparison between a human and an avian skeleton

Georgius Agricola’s (1494-1555) comprehensive and highly influential text on mining and
metallurgy, De re metallica, is illustrated with detailed woodcuts

Juan Valverde’s (ca. 1525—ca. 1588) anatomical text, Account of the Structure of the Human
Body, the most widely read in Renaissance Europe, included thirty novel anatomical
discoveries and the first anatomical engravings in copperplate, some by a student of
Michelangelo

Giambattista della Porta’s (1535-1615) Natural Magic is intended to demonstrate that this
collection of marvelous phenomena was natural and not demonic

Gioseffo Zarlino (1517-1590) challenges the traditional theory of consonance and intonation
with adaptations suitable for the music of his time

Realdo Colombo’s (1510-1559) On Anatomy describes his independently discovered
pulmonary circulation of the blood—an important step in the later discovery of its
circulation through the entire

body—and asserts, contra Galen, that systole, the contraction of the heart, is its active phase

Discovery of the fallopian tubes, described in the Anatomical Observations of Gabriele
Falloppio (1523-1562)

Bartolomeo Eustachio (ca. 1510-1574) discovers the aural passage that came to bear his
name and makes improvements on Vesalian anatomy

Publication of the works of Pedro Nufies (1502-1578) on navigation, explaining the use of
new instruments and how to sail on a great circle course

The cartographic projection system of Gerardus Mercator (1512-1594) enables navigators to
choose constant courses in any part of the world

Paracelsus’s (1493-1541) works, most unpublished in his lifetime and written approximately
four decades earlier, begin to be published, explaining his views on the nature of matter,
physiology, diseases, and the use of chemical medicines

The use and importance of mathematics in many fields is strongly urged by John Dee (1527-
1608) in a much-noted Preface to an English translation of Euclid’s geometry by Henry
Billingsley

Abraham Ortelius (1527-1598) publishes the first atlas

Observations of a striking supernova appeared to indicate that it was beyond the sphere of
the Moon, challenging the traditional idea of the unchanging nature of the heavens

An early sympathethic and brief account of Copernicus’s heliocentric theory and a
description of the stars as infinite in extent is given by Thomas Digges (ca. 1546—1595)

Construction begins on Tycho Brahe’s (1541-1601) observatory, Uraniborg, on the Danish
island of Hven, site of the most precise and detailed collection of astronomical data of its
time

Francisco Herndndez (1515-1587) leaves Mexico after six years, having compiled a great
mass of data and illustrations on the environmental conditions of many plant and animal
species unknown in Europe and on the inhabitants of Mexico



1582

1583

1584

1585

1587

1588

1591

1596

1600

1600

Observations of a comet indicated that its path was beyond the sphere of the Moon,
challenging the Aristotelian conception of the solidity of the celestial spheres and that
comets were sublunarphenomena

Guidobaldo del Monte’s (1545-1607) Book of Machines applies Archimedean statics to the
study of machines

Reform of the Julian calendar completed, with publication of a papal bull by Pope Gregory
X111

Giovanni Antonio Magini (1555-1617), although rejecting heliocentrism, begins to publish
ephemerides making use of Copernican data and methods

Andrea Cesalpino’s (1519-1603) influential On Plants proposes a classification system
based on reproduction, emphasizing seed, flower, and fruit

Joost Biirgj (1552-1632), the most ingenious watch and clockmaker of his time, devises an
escapement making clocks more accurate than any in use

The first systematic presentation of decimal numeration, published by Simon Stevin (1548-
1620)

Completion of the publication of Conrad Gessner’s (1516-1565) monumental multivolume
Histories of Animals, for which numerous zoologists had supplied data from their own
observations of animal morphology and behavior

The first account of the inhabitants and resources of North America, by Thomas Harriot (ca.
1560-1621), in A Briefe and True Report of the New Found Land of Virginia

The influential translation by Federico Commandino (1509-1579) of the main Greek texts of
Archimedes into Latin

Publication of Tycho Brahe’s geoheliocentric system, in which the planets revolve around
the Sun, with the Sun revolving about the stationary earth

The most comprehensive illustrated work on machines and their design, published by the
military engineer Agostino Ramelli (1531-1590)

Publication of Francois Vieéte’s (1540-1603) Introduction to the Analytical Art, a pioneering
work in the creation of analytic geometry

Francesco Patrizi (1529-1597) cites correlations between the tides and lunar positions

Gresham College, founded by bequest of the prosperous London merchant Sir Thomas
Gresham to provide public lectures on, among other subjects,

astronomy, geometry, and medicine; it later becomes the locus of a group that founded the
Royal Society of London

The Cosmographic Mystery, by Johannes Kepler (1571-1630), improves upon Copernican
astronomy, putting forward Kepler’s goal of uniting mathematical astronomy, physics, and
religion in the creation of a new astronomy

Giordano Bruno (1548-1600), an early Copernican and a believer in the infinity of the
universe and a plurality of worlds, is burned at the stake for heretical religious opinions

The first detailed and observation- and experiment-based study of magnetism as a
cosmological principle, in On the Magnet, by William Gilbert (1540-1603)



1601

1603

1604

1607
1608

1609

1610

1611

1612

1613

1614

1616

For his astronomical work, Tycho Brahe gains the patronage of the Holy Roman Emperor in
Prague

The sine law of refraction obtained by Thomas Harriot (ca. 1560-1521), but never published
by him
The Holy Roman Emperor, Rudolph I, becomes the patron of Johannes Kepler

The Accademia dei Lincei (Academy of Lynxes) founded in Rome as a scientific society

The discovery of the valves in the veins, by Girolamo Fabrici (ca. 1533-1619), significant
for the later determination that the blood circulates

Thomas Harriot succeeds in obtaining the area of a spherical triangle

Johannes Kepler holds that light rays are rectilinear, that they diminish in intensity by the
inverse square of their distance as they travel from the light source, and that it is on the retina
that an inverted image is formed and transmitted to the nerves

Galileo Galilei (1564-1642) demonstrates that a projectile follows a parabolic path

The telescope, utilizing a convex objective and a concave eyepiece, invented in the
Netherlands

Johannes Kepler’s (1571-1630) New Astronomy shows that Mars moves nonuniformly in an
elliptical orbit and proposes a quasi-magnetic force as the cause of planetary motion

Installation at the University of Marburg of the first professorship of medical chemistry, with
the introduction of laboratory teaching

Galileo reinvents the telescope and uses it to observe the heavens

Thomas Harriot independently obtains or builds a telescope and begins to observe the
heavens

Approximate date of the invention of the microscope

Galileo presents the results of his earliest tele-scopic observations, including innumerable
stars invisible to the naked eye, mountains on the Moon, and four of Jupiter’s satellites, in
his Sidereal Messenger. Later that year he discovers the phases of Venus and the peculiar
appearance of Saturn

Johannes Kepler’s Dioptrics analyzes optical refraction and proposes an improvement in the
Galilean telescope, making it more effective for astronomical observation

Santorio Santorio (1561-1636) publishes the first account of a thermometer using air as the
expanding and contracting fluid

Galileo’s Letters on Sunspots debates the nature of sunspots with Christoph Scheiner (1573-
1650) and comes out in favor of the Copernican system

John Napier (1550-1617) puts forward foundational rules for the concept of logarithms

The influence of the Corpus Hermeticum begins to wane when it is shown to have been
written well after the classical Greek and early Christian eras

Publication of the first of two tracts announcing the goal of the Rosicrucian movement to
reform knowledge through the application of numerology, alchemy, and Paracelsian medical
chemistry

Galilen is admonished hv Cardinal Rellarmine. a member of the Inaiisition. to ahandon the



1617

1618

1619

1620

1621

1622

1623

1624

1625
1626

1627

1628

teach-ing of the Copernican system, and Copernicus’s On the Revolutions is placed on the
Index of Prohibited Books until it should be corrected

Robert Fludd’s (1574-1637) History of the Two Cosmoses, in a series of allegorical plates,
represents the unity of God, His creation, and human knowledge through the concept of the
microcosm reflecting the macrocosm

Foundation of the Worshipful Society of Apothecaries in London

Publication in London of the Pharmacopoeia Londinensis, the first national pharmacopoeia
possessing legal standing

Johannes Kepler’s Harmonics of the Universe presents his Third Law, relating the periods of
the planets to their distances from the Sun

Francis Bacon’s (1561-1626) Novum organum analyzes the barriers to effective thinking
and proposes observation and experiment as necessary foundations for the acquisition of new
knowledge

Johann Valentin Andreae (1586-1654) proposes a model scientific society with scientific
work as a collective enterprise

Approximate date of Willibrord Snel’s (1591-1626) discovery of the sine law of refraction

Girolamo Fabricius’s posthumous On the Formation of the Egg and the Chick postulates that
in viviparous generation, an embryo is created by the union of semen and blood supplied by
the parents

Publication of Tommaso Campanella’s (1568-1639) Apologia pro Galilaeo in support of
Galileo’s Copernicanism and his views on the separation of science from religion

Christian Severin (Longomontanus) (1563-1647), who had been Tycho Brahe’s chief
assistant, shows the geometrical equivalence of the Ptolemaic, Tychonic, and Copernican
systems, but opts for a central rotating earth

William Oughtred (1575-1660) invents the slide rule

Galileo’s The Assayer presents his arguments opposing Scholastic methods in the study of
nature and advocates the use of mathematical and experimental methods

Pierre Gassendi (1592-1655) redefines the goal of empirical science as determining
probable, rather than certain, results

Wilhelm Schickard (1592-1635) designs the first arithmetic calculating machine

Francis Bacon’s New Atlantis describes a fictionalized institution for collaborative scientific
research, later seen as a model for subsequently founded scientific societies

Johannes Kepler’s Rudolphine Tables, based on his laws of planetary motion, provides the
most accurate astronomical tables up to that time

Lorenzo Bellini (1643-1704), by dose examination of the anatomy of the kidney, challenges
the traditional Galenic account by noting that the kidney operates like a sieve, separating
urine from blood

Approximate date of René Descartes’s (1596-1650) independent discovery of the sine law of
refraction

William Harvev (1578-1657) niihlishes his Anatomical Fxercises on the Movement of the
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1631

1632

1633

1634

1635

1637

1638

1639

1641

1644

1645

Heart and Blood, demonstrating how the blood circulates

In his On the Measure of Running Waters, Benedetto Castelli (1577-1643) establishes the
basis for the science of hydraulics

Founding of the Bureau d’Adresse, a clearinghouse for information, goods, and services in
Paris that offered weekly conferences to the public on scientific issues

Christoph Scheiner presents his detailed observations on sunspots, challenging Aristotelian
concepts on the nature of the heavens

Thomas Harriot’s posthumous work advances algebra by relating roots to binomial factors of
polynomials and creates new forms of algebraic notation

Galileo’s Dialogue Concerning the Two Chief World Systems, Ptolemaic and Copernican
argues forcefully for the Copernican system by employing his discoveries with the telescope
and his novel ideas on the nature of motion

Galileo’s trial before the Inquisition for his advocacy of Copernicanism results in his
conviction on vehement suspicion of heresy and his abjuration. He is placed under house
arrest for the remainder of his life, and his Dialogue on the Two Chief World Systems is put
on the Index of Prohibited Books

Johannes Kepler’s posthumous The Dream, an imaginative account of a trip to the Moon and
of the life of its inhabitants, provides the elements of Copernican astronomy in popular form

Bonaventura Cavalieri (1598-1647) publishes a means of calculating the areas and volumes
of various planes and solids by the use of indivisibles

Declination of a compass needle is noted as varying over time and not constant for a given
latitude

Publication of René Descartes’s Discourse on Method and his Geometry, a foundation work
on analytic geometry. The appearance of colors when light is refracted is explained in
mechanistic terms in Descartes’s Dioptrics, attributed to particles of light acquiring different
rotational speeds

Galileo’s Discourses on Two New Sciences presents his ideas on the nature of motion and
strength of materials

John Wilkins’s (1614-1672) Discovery of a World in the Moone brings some of the
discoveries of Kepler and Galileo to the general reader

The first observation of a transit of Venus across the Sun, a rare phenomenon used in the
eighteenth and nineteenth centuries for determining the distance of the earth from the Sun, is
made by Jeremiah Horrocks (1618-1641)

René Descartes’s Meditations presents the dualistic metaphysical foundations—material and
spiritual—of his mechanistic natural philosophy

Evangelista Torricelli (1608-1647) fills a tube sealed at one end with mercury, and with the
open end immersed in mercury, notes its fall in the tube to a certain level, leaving a void
above it

René Descartes’s Principles of Philosophy puts forward his ideas on matter, mechanics, and
the universe as a plenous mechanical system

Ismael Roulliai’s (1605-1694) Philolaic Astronomv hecomes widelv inflilential in



1647

1648

1650
1651

1653

1654

1656

1657

promoting Johannes Kepler’s theory of elliptical planetary orbits but rejects his idea of a
physical cause for planetary motions

Publication by Michael Florent van Langren (1598-1675) of the first engraved lunar map
showing the features of the Moon and their names

A much more detailed description with illustrations of the surface features of the Moon is
given by Johannes Hevelius (1611-1687) in his Selenographia

Construction of the first air pump by Otto von Guericke (1602-1686)

Blaise Pascal’s (1623-1662) New Experiments Concerning the Void describes a series of
experiments demonstrating that the presence of matter above the mercury in a Torricelli tube
cannot be detected

The theory that the height of the mercury in a tube that is sealed at the top and has its open
end immersed in a dish of mercury will vary with altitude is successfully tested by Pascal

Johannes Baptista van Helmont (1579-1644) strongly supports the development of medical
chemistry and the role of chemistry in physiological function

Initial meetings of the experiment-oriented Oxford Philosophical Society, many of whose
members would later help found the Royal Society of London

Publication of John Wilkins’s (1614-1672) popular Mathematical Magick, a primer on
mechanics designed for the general public

A classic clinical description of rickets published by Francis Glisson (1597-1677) and others

Thomas Hobbes’s (1588-1679) classic work of political theory, Leviathan, utilizes a concept
of human nature influenced by his familiarity with contemporary mechanistic ideas on
physiology and sensation

Giovanni Battista Riccioli (1598-1671) presents the astronomical work of Copernicus and
Kepler in a detailed effort to demonstrate that the earth does not move

First meetings of the Montmor Academy, an early French scientific society, at the home of
H.L. Habert de Montmor (ca. 1600-1679)

Christiaan Huygens applies the sine law of refraction to spherical lenses

The first presentation and promotion of Epicurean atomism in English in Walter Charleton’s
(1620-1707) Physiologia Epicuro-Gassendo-Charletoniana, a translation of Pierre
Gassendi’s work on the subject

Establishment in Tuscany of a network of meteorological stations to collect data on weather
conditions

James Ussher (1581-1656), Archbishop of Armagh, through close analysis of biblical
passages, determines the date of Creation as October 23, 4004 B.C.E.

Christiaan Huygens’s pendulum clock allows for significantly greater precision in time
measurement

Founding of the Accademia del Cimento (Academy of Experiment) in Florence

A theory of epigenesis, the development of organisms through successive stages of organ
development from unformed fertilized ova, is presented by William Harvey (1578-1657) in
his Exercises Concerning the Generation of Animals
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1661
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1663

1664

1665

Otto von Guericke (1602-1686) demonstrates the pressure of the air by showing that two
teams of horses are unable to pull apart two joined metal hemispheres from which the air had
been evacuated

Christiaan Huygens provides a description of an improved pendulum clock yielding a
substantial increase in accuracy

Publication of a detailed exposition of Epicurean philosophy by Pierre Gassendi incorporates
Christian elements and aspects of contemporaneous natural philosophy, influential in the
development of atomic theories of matter and of the existence of vacua

Contagion is held by Athanasius Kircher (1602-1689) to occur through the spread of
animate and sticky particles

Christiaan Huygens explains the changing appearance of Saturn as due to its being
surrounded by a flat ring of matter

Marcello Malpighi (1628-1694), using the microscope, observes the capillaries joining
arteries and veins, demonstrating conclusively the ability of the blood to circulate

Robert Boyle’s Sceptical Chymist argues against Aristotelian and Paracelsian chemical
theories in favor of the use of more practical and experimental means of enlarging chemical
knowledge

Joseph Glanvill’s (1636-1680) Vanity of Dogmatizing puts forth a skeptical attack on
Avistotelian methods in the practice of natural philosophy and strongly supports the use of
experimentation

René Descartes’s posthumous Treatise on Man presents human physiology as operating on
mechanical principles

Establishment, by royal charter, of the Royal Society of London for the Improvement of
Natural Knowledge, the oldest of today’s scientific societies, and the appointment of Robert
Hooke (1635-1702) as Curator of Experiments, charged with conducting experiments at the
Society’s weekly meetings

The second edition of Robert Boyle’s (1627-1691) New Experiments Physico-Mechanicall,
Touching the Spring of the Air and its Effects details his experiments with the vacuum pump
and states the inverse relation between the pressure and volume of a gas

Lorenzo Bellini (1643-1704), by detailed anatomical investigation of the kidney, challenges
the traditional Galenic idea of its function by showing that it operates like a sieve, separating
urine from blood

John Graunt (1620-1674) publishes the first statistical tables in his Observations upon the
Bills of Mortality, with data on London’s population and its characteristics

Girolamo Gardano’s Book of Games of Chance, although written a century earlier, is
published in response to increased interest by mathematicians in probability theory

René Descartes’s posthumous The World puts forth a theory of the transmission of light as
pressure in a medium consisting of a “subtle matter”

Thomas Willis (1621-1675) significantly advances neuroanatomy through his investigations
of the brain and nervous system

Robert Hooke’s (1635-1702) Micrographia provides detailed etchings of his microscopic
observations, including the cells in cork, and popularizes the compound microscope



1666

1667

1668

1669

1670

1671

Publication in Paris of the Journal des Scavans, the first journal to feature scientific news
Initial publication of the Philosophical Transactions of the Royal Society

Francesco Maria Grimaldi (1618-1663) describes the diffraction of light and proposes a
theory that

light is “split apart” when flowing past the edges of bodies

The Académie Royale des Sciences is established in Paris, under the patronage of King
Louis X1V, to advance science and mathematics

Giovanni Alfonso Borellis (1608-1679) Theories of the Medicean Planets proposes that
the orbits of celestial bodies are governed by an attraction to their centers and a quasi-
inertial tendency to remain in motion

Explanation of chemical processes by “corpuscularianism,” a particulate theory of matter,
is put forward by Robert Boyle (1627-1691) in his Origine of Formes and Qualities

Establishment of the Paris Observatory under royal patronage

On religious principles and Baconian grounds, Thomas Sprat’s History of the Royal
Society defends the institution against attacks, describing it as capable of providing for the
improvement of life through its effective utilization of inductive methods in the study of
nature

In Experiments on the Generation of Insects, Francesco Redi (1626—-1679) demonstrates
that insects and other lower forms of life are not generated spontaneously, but instead
come from eggs

John Wilkins publishes An Essay Towards a Real Character and Philosophical Language,
an effort to create a scientific, universal, unambiguous language with a vocabulary
capturing the essences of its referents

Isaac Newton (1642-1727) builds the first reflecting telescope

Isaac Barrow (1650-1677), first holder of the Lucasian Chair of Mathematics at
Cambridge University, resigns it in favor of Isaac Newton

Description of the heart’s function as a muscle and details of his experiments with blood
transfusion are published in Treatise on the Heart by Richard Lower (1631-1691)

Nicolaus Steno (1638-1686) explains the sequential deposition of sedimentary strata and
proposes a theory of the calcification of the remains once-living animals

Jan Swammerdam’s (1637-1680) microscopical work on the development of insects leads
him to reject the notion of their spontaneous generation and to speculate whether
organisms are fully formed before fetal development

Newton makes the first reflecting telescope and begins his decades-long involvement with
the theory and practice of alchemy

Jacques Rohault’s (1618-1672) Traité de Physique (Treatise on Physics) published as an
important text on Cartesian natural philosophy

Jean Picard’s (1620-1682) Measure of the Earth, a description of his precise
measurement of a meridional arc, influential in geodesy, cartography, and celestial
mechanics
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1672-
1673

1673

1674

1675

1677

One of the earliest attempts, by Jan de Witt (1625-1672), to apply statistical methods for
economic goals by using life expectancy to calculate premiums for annuities

Creation of the first electrical machine—a sulfur globe rubbed and electrified by a dry
hand—described by Otto von Guericke (1602-1686) in his Experimenta nova

In an article in the Philosophical Transactions of the Royal Society, Isaac Newton
establishes, by experiment with a prism, that white light is composed of a spectrum of
colors and that light of each color is refracted at a different angle

A detailed study of the anatomy and physiology of the female reproductive system by
Regnier de Graaf (1641-1673) leads to the discovery of the follicles bearing his name and
his support of the theory of ovistic preformation

Detailed microscopic observation by Marcello Malpighi (1628-1694) of the first hours of
embryonic development of the chick, with descriptions of the initial formation of various
organs

Jean Richer’s (1630-1696) expedition to Cayenne in French Guyana results in an
adjustment of 90 arc-minutes in the obliquity of the ecliptic and a revision in the
horizontal solar parallax, enabling a more precise measure of the distance of the earth
from the Sun

An Essay to Revive the Ancient Education of Gentlewomen by Bethsua Makin (ca. 1612—
ca. 1674),

is one among a number of works published in the seventeenth century urging equality of
education and the ability of women to study natural philosophy

Publication of Christiaan Huygens’s book on the pendulum clock contains a more refined
and accurate version of the timepiece

Initial publication in the Philosophical Transactions of the Royal Society of the
microscopical discoveries of Antoni van Leeuwenhoek (1632-1723)

John Mayow (1641-1679) proposes that certain particles in the air are necessary for
combustion and are transmitted by the lungs to the blood, where they serve to maintain body
heat and other functions

Ole Rémer’s precise astronomical observations lead him to conclude that the speed of light
is finite
Gian Domenico Cassini (1625-1712) discovers the gap in Saturn’s ring system

Establishment of the Royal Observatory at Greenwich, England, and the appointment of
John Flamsteed (1646-1719) as its director

Nicolas Lemery’s (1645-1715) Cours de chemie presents the most influential corpuscular
account of chemical reactions

Robert Boyle proposes in his Experiments and Notes about the Mechanical Origin and
Production of Electricity that electrical effects can be explained by the emission and
refraction of electrical effluvia

Thomas Shadwell’s The Virtuoso satirizes the work of the Royal Society of London as silly
and impractical

Discovery of spermatozoa by use of the microscope, reported by Antoni van Leeuwenhoek



1678

1679
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1686

1687

1690

Francis Glisson (1597-1677), in a study of muscle fibers, proposes the influential theory that
the basic property of living matter is irritability, the ability to be stimulated and to respond
by contracting

Ralph Cudworth (1617-1688), in his True Intellectual System of the Universe, strongly
challenges, on theological grounds, the idea that the universe is composed of inert matter

Edmond Halley (ca. 1646-1743) presents a catalogue of the stars in the Southern
Hemisphere

“Hooke’s Law,” based on several years’ study with watch springs, states that the “power” of
any spring is proportional to its tension

A work by Johannes Hevelius describes his instruments and gives over 20,000
measurements of positions of celestial objects, useful for later astronomers as the most
extensive database for the period

Edmé Mariotte (ca. 1620-1684), in an analogy with the circulation of the blood, describes
the sap in plants as circulating

Robert Hooke solicits Isaac Newton’s opinion on the possibility of explaining the motions of
the planets by the assumption of inertia and an attractive force from the Sun, initiating a train
of events leading to Newton’s monumental achievement in his Mathematical Principles of
Natural Philosophy of 1687

Publication of the first nautical almanac in Paris
John Mayow (1640-1679) shows that air is necessary for combustion as well as respiration

The application of mechanical principles to analysis of the movements of animals
undertaken by Giovanni Alfonso Borelli (1608-1689) is published in his posthumous On the
Motions of Animals

Publication of the first two volumes of Thomas Burnet’s (ca. 1635-1715) Sacred Theory of
the Earth, which, following the biblical account, stimulated discussion of the changing
nature of the earth’s surface over time

Opening of the Ashmolean Museum at Oxford University, the first English public museum,
established with the donation by Elias Ashmole (1617-1692) of his library and artifacts

Publication of Gottfried Wilhelm Leibniz’s (1646-1716) first paper outlining his symbolism
for and approach to the calculus, utilizing infinitesimals

Discovery of the third and fourth of Saturn’s satellites by Gian Domenico Cassini (1625-
1712), after having discovered two others in 1671 and 1672

Francesco Redi (1626-1698) publishes an encyclopedic account of hundreds of parasites

Publication of the first edition of Conversations on the Plurality of Worlds by Bernard le
Bovier de Fontenelle (1657-1757), a classic popularization of the Cartesian version of
Copernicanism

Correction of René Descartes’s measure of force as mv by Gottfried Wilhelm Leibniz (1646—
1716) to mv?, which he termed “living force”

Isaac Newton’s Mathematical Principles of Natural Philosophy establishes fundamental
principles of classical mechanics—his concepts of force, mass, space, and time and his laws
of motion and universal gravitation

John | ocke’s (1622-1704) Fssav Concernina Hiiman Understandina nronnses that
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knowledge about the nature of matter can be probable at best, rather than of demonstrable
certainty

Christiaan Huygens’s Treatise on Light advances a wave theory of the propagation of light

Posthumous publication of Johannes Hevelius’s catalog of the positions of over 1,500 stars,
a standard reference source for his successors

William Petty’s (1623-1687) pioneering Political Arithmetic develops mathematical
methods as a foundation for political economy

John Ray (1620-1705), in his book on British plants, uses multiple criteria to distinguish
species

Edmond Halley provides a mathematical equation for finding the focal lengths of lenses of
all shapes

First detailed explanation of plant sexuality by Rudolph Jacob Camerarius (1665-1721), in
his A Letter on Plant Sexuality

Emphasis on the genus as the primary category of plant taxonomy, based mostly on general
characteristics of flower and fruit, is given in Elements of Botany by Joseph Pitton de
Tournefort (1656-1708)

Publication of the first textbook on the calculus by the Marquis de L’Hopital (1661-1704)

Samuel Clarke (1618-1672) translates Jacques Rohault’s Cartesian Traité de physique
(1671) as System of Natural Philosophy with Newtonian footnotes, for use as a university
textbook of physics

Founding of the Berlin Academy of Science by Gottfried Wilhelm Leibniz
Edmond Halley prepares the first map showing magnetic variation

Publication of one of the earliest mathematically informed popular works on Newtonian
astronomy, David Gregory’s (1659-1708) Elements of Physical and Geometrical
Astronomy, with an anonymous preface by Newton claiming ancient authority for the
concept of gravity

Herman Boerhaave (1668-1738), the most influential medical teacher of his time and for
some time after, lays down the principles of an effective medical curriculum, emphasizing a
sound scientific foundation

The first edition of Isaac Newton’s (1642-1727) Opticks, based on his experiments and
including his “Queries” on important and unresolved issues on various aspects of nature

The comet that now bears Edmond Halley’s name, and that he had observed in 1682, is
determined by him to have an elongated elliptical orbit Maria Merian (1647-1717) publishes
her work on the metamorphoses of insects, based on her field work in Surinam, contributing
to the rejection of the idea of spontaneous generation

Isaac Newton postulates as a fundamental principle of physics forces of attraction and
repulsion between particles of matter

Posthumous publication of The Art of Conjecturing by Jakob Bernoulli (1654-1705),
intended as a guide to sound thinking by utilizing probabilistic analysis, presents a proof for
the law of large numbers

William Derham’s (1657-173RK) Phvsicn-thenlnnv and the second edition of Isaac Nlewton’s



Mathematical Principles of Natural Philosophy establish a trend to promote the discoveries
of science as evidence for the greatness, wisdom, and goodness of God

1715 Gottfried Wilhelm Leibniz sends his list of objections to Isaac Newton’s philosophy to the
Princess of Wales, initiating a debate with Newton’s defender, Samuel Clarke, on the
relation of God to a universe conceived as mechanical in nature
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