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Farly Modern Europe, 1450-1789

in 1703, a position he held until his death. He was given a magnificent state
funeral and was buried alongside kings and other notables in Westminster
Abbey.

In the Principia Newton described how gravity operated, but not why, and
the idea that one body could attract another across empty space was initially
unacceptable to many continental thinkers. By the middle of the eighteenth
century, however, Newton's ideas had triumphed, and other scientists began
to apply his theorems to the study of heat, light, magnetism, and electric-
ity. His followers wrote popular works explaining Newtonian science in terms
that educated people who were not mathematicians could understand, several
labeled “Newton for the Ladies” or something similar. This fueled the idea,
as Pope expressed succinetly in his couplet, that Newton had once and for all
explained the mechanism of the universe.

Developments in science shaped philosophy, and also other realms of life. In
politics, finance ministers and other officials used more quantitative methods
of administration; governments began to take statistical surveys, attempting to
caleulate aggregate figures for things like population growth, manufacturing
output, income, and imports and exports. This would allow more effective
application of mercantalist principles, officials reasoned, and also provide a
sort of unified picture of the nation to parallel Newton's unified picture of the
cosmos. In literature, writers began to use scientific terms more widely in all

types of prose, and some advocated  simpler and plainer style, more in line
with what they saw as a scientific emphasis on clarity and logic. As Pope put
it in another couplet

Words are like leaves, and where they most abound
Much fruit of sense beneath is rarely found.

Not everyone was convinced of the value of science, however. In 1726, the
year before Newton's death, Jonathan Swift (1667-1745) published Gulliver's Tray-
e, in which his fictional traveler goes to Laputa and Lagado, where scientists
are working on extracting sunbeams from cucumbers, converting ice into gun-
‘powder, building houses from the oof downward, and preventing the growth
of wool on sheep. All of these satires are based on proposals being discussed by
the Royal Society at the time Swift was writing. Swift was not alone in point-
ing out that actual scientific discoveries did litle to improve the lives of most
people. Newtonian ideas about motion helped gunners to fire their artillery
more accurately, but in general scientific ideas had few practical effects on
technology until the very end of the eighteenth century.

Reason, knowledge, and property

Mathematics, abstract reasoning, and experimentation all provided tools for
studying the natural world in the seventeenth century. and they also provided
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Ancient authorities and new methods

In the later Middle Ages, learned study of the natural world, usually termed
“natural philosophy.” had gone on primarily in Burope’s universities, where it
was seen as an appropriate part of understanding the glory of God. Such study
revolved around ancient Greek ideas and texts, particularly those of Aristotle
and Ptolemy. Aristotle (384-322 BCE) viewed the cosmos as centered on a mo-
tionless earth, with the planets (including the moon and sun) revolving around
it in fixed spheres made up of a crystalline substance, and the fixed stars at its
outer perimeter. The planets moved, he thought, in exactly circular orbits at
a uniform speed, and were perfectly round bodies made of ether, a substance
completely different from the four terrestrial elements - earth, air, fire, and
water. Above the moon - the heavenly body closest to earth - the cosmos was
changeless, so that objects that did change in the skies, such as comets and
meteors, must be closer than the moon. Things on earth did change, and each
element had a tendency to move in a specific direction; things made primarily
of the element earth tended to move toward the center of the earth, while
water flowed sideways around the earth and air went upward. The earth was
round, the perfectly spherical center of a perfectly spherical cosmos.

There were problems with Aristotle’s view. For one, it did not fit with the
motions of the planets observable from earth - the planets often appear to
move backwards or reverse direction - but this was solved in the second cen-
tury by Prolemy (c. 100 - . 165 cE), a Greek astronomer working at Alexandria.
Ptolemy held that the moon, sun, planets, and stars move around the motion-
less earth at various rates of speed in spiral-like paths he called epicycles. Based
on observation, he calculated the epicycles of the major heavenly bodies. and
the Ptolemaic system gained wide and long-lasting acceptance.
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‘The rediscovery of Greek writings other than those of Aristotle and Ptolemy
led scholars in a different direction. In the fifteenth and sixteenth centuries,
the works of Pythagoras (c582 - c496 sce), Plato (c. 428 - c. 348 Bcr), and
Archimedes (c. 287 - ¢. 212 BC), were copied, translated, and ultimately printed.
Al of these ancient writers emphasized the importance of mathematics as the
underlying structure of the universe, an idea that was echoed by their later
admirers. Johannes Kepler (1571-1630), a German astronomer who calculated
the laws of planetary motion, wrote: “Geometry, which before the origin of
things was coeternal with the divine mind and is God himself ... supplied God
with patterns for the creation of the world.” Kepler and other scholars saw
the mathematical patterns of the universe as a mystical harmony, created by
God and ultimately understandable to humans

38 Alchemy and the history of science

The nineteenth-century historians of scence who

developed the idea of a “Scientlic Revolution” often tied
ore the alcher

thinkers they championed, but most mojorfigures n the

Scientifc Revolution believed firmiy in alchemy, astrology.

‘and other what are now aften judged to be fringe occult

hoped o discover the mystical proportions underlyi
the universe and an explanation for how the heavenly
bodies influenced human life. The Danish astronome
Tycho Brahe (1546-1601) consiructed an advanced
obseratory and kept

also had an alch
cooking and ditiling plants and minerals o gain their
spittual essence. The lish chemist Robert Boyle

(1627-91) developed laws abou the behavor of gases
and disproved the theary that air, erih, fire, and water

e called “corpuscles In ong laboratory reports
code, Boyle also reported to have
that tumed lead into gold and gold
Newton collected Hermeic and alchemical text, and
spent decades trying to discover or manufacture a
substance that would cause metals o grow or transform.
His extensive witings on alchemical and spirtual
subjectsled the Biiish economist Johin Maynard Keynes,
who bought Newton's papers in the mid-twenieth
century o declare that “Newton was not the frst o th
age of reason ... he was the last of the magicians? For ll
of these thinkers, the universe was not only to be
comprehended, but manipulated and controlled, and
alchemy offered the best apportunity fo this.
For addiiona chapter resaurces see the comparion
website wiwkcambridge.org/wiesnerhanks.

Among the ancient texts rediscovered in
the fifteenth century was a body of writ-
ings attributed to Hermes Trismegistus, a
god-like Egyptian sage thought to have lived
at the time of Moses. These Hermetic writ-
ings — now known to have been written in
the second and third centuries ck - were
revered as ancient wisdom, and offered sug-
gestions on how to exploit the hidden di-
vine powers of minerals, plants, the plan-
ets, and other natural objects. Through pro-
cesses of distillation, heating, and subli-
mation (cooking something to a gaseous
state and then resolidifying it), these hid-
den powers could be tapped to transform
lead into gold or cure disease and prolong
life, practices usually termed alchemy.

The Swiss physician Theophrastus Bom-
bastus von Hohenheim, who called himself
Paracelsus (14932-1541), fully embraced the
Hermetic tradition, as did many other sci-
entists, who sometimes linked Hermeticism
with Christian ideas about the power of
angels. Paracelsus rejected the Aristotelian
elements and the Galenic notion that dis-
ease is caused by an imbalance of bod-
ily humors, and introduced the use of
drugs made from small doses of puri-
fled minerals, especially sulfur, antinomy,
and mercury. Hoping to find one powerful

agent - often called the *philosopher's stone,” or the "elixir of life” - that was
capable of healing all illnesses and transforming all less perfect substances into
‘more perfect ones, Paracelsus and other alchemists experimented with ways to
extract pure elements (termed magisteria) and divine essences (termed arcana).
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With its peculiar properties as a metal that is liquid at normal room temper-
ature, mercury was often part of alchemical theories, as was gold distilled in
various liquids so that it was drinkable (aurum potabile)

Alchemists such as Paracelsus were rooted in ancient texts, but they were
innovative in their methods, advocating experimentation as the best way to
discover the hidden properties of various substances. They were often the ear-
liest to make extensive use of what was later called the “scientific method,” in
which a hypothesis to explain a phenomenon is developed, tested, the results
recorded and measured, and the hypothesis confirmed, rejected, or modified.
They invented equipment still used in laboratories today, such as beakers and
balance scales, and discovered new ways of producing chemical changes, such
as the application of acids and alcohols.

The development of the scientific method is often associated with the
English philosopher and statesman Francis Bacon (1561-1626). who took his
inspiration and procedures straight from alchemy. In The Advancement of Learn-
ing (1605) and Novum Organum (New Instrument, 1620), sjected earlier
ed on faulty reasoning, and called for natural philos-
e empirical observation of many similar phenomena.
ﬁé}.&»ééﬁﬁéﬁ their powers of reason to pro-
pose @ generalized explanation or hypothesis for the phenomena, a process
called induction. This generalization would then be tested with further empir-
ical and inductive inquiry. Like any good alchemist, Bacon was a firm believer in
the practical value of science in promoting human progress and greater control
of nature. He called for national support for scientific investigations, which led
the founders of the English Royal Society in 1660 to see him as an inspiration.

Experimentation was very important in the study of material substances.
George Ernst Stahl (1660-1734), a German chemist and physician, proposed
that combustion and other processes resulted in the release and absorption of
a substance he called phlogiston. The phlogiston theory led other chemists to
study gases - what they called and in the middle of the eighteenth cen-
tury carbon dioxide and hydrogen were both identified as substances different
than the air that surrounds us. In the early 1770s, the Swedish apothecary Carl
Wilhelm Scheele (1742-86) and the English cleric and theologian Joseph Priest-
ley (1733-1804) both discovered an air in which substances burned more easily.
Viewing his discovery within the context of the phlogiston theory, Priestley
called it “dephlogisticated air.

The French chemist Antoine Lavoisier (1743-94) performed similar experi-
ments, but interpreted the results differently. He recognized that the same
substance allows for combustion, the action of acids, and respiration in liv-
ing things, and called this substance “oxygen.” Lavoisier’s oxygen theory came
to replace the phlogiston theory, particularly as Lavoisier made it part of a
radically new way of discussing chemical compounds and processes in his Fle-
‘mentary Treatise on Chemistry (1789), the first modern textbook on chemistry. Like
Bacon, Lavoisier regarded science as a way of providing solutions to real-world
problems, and he experimented on crop rotation, the quality of drinking water,
the military and scientific use of balloons, and the production of gunpowder.
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He also proposed reforms for the French economy and prison system, but his
involvement in tax-collection ultimately outweighed his contributions and he
was sent to the guillotine during the French Revolution.
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Cosmology was not the only field of inquiry in which mathematical specula-
tion led to radically new ideas. The French mathematician and philosopher
René Descartes (1596-1650) agreed with traditional teachings that everything
depends on the power of God, but he also asserted that God created the world
iples. Humans could perceive one perfect
and infinitely powerful being, Descartes reasoned, only if that being actually
existed and had created them. Along with this intuition about God, Descartes
wondered what else we could know for sure. arlier writers such as Michel
de Montaigne (1533-92) had puzzled over this question of the foundation of
Kknowledge - a branch of philosophy known as epistemology - noting that
established authorities such as Aristotle had been proven wrong, and that
sense perceptions and empirical observations might be deceiving. Montaigne re-
‘mained skeptical about whether true knowledge is ever possible, but Descartes
decided that what we can know for certain is that we exist as thinking be-
/ings, a philosophie iti rationalism. He captured the
Discourse on Method (1637) in the phrase “I think, therefore [ am” (in Latin, Cogito
ergo sum).

From these two conceptions - God and self - the existence of the rest of the
universe and its laws could be posited by applying logical principles, a process
called deduction. In Descartes's philosophical system, known as Cartesianism or
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artesian dualism, the world consists of two basic substances, matter (or body)
Eﬁﬁiﬁéﬁ%ﬂ%ﬁzﬁaﬁ ‘without
the other. Humans are a union of these two substances, but there is nothing
naterial about the mind, and nothing spiritual about the body or any other
material objects, which only move when acted upon by some outside force.
Descartes thought that all motion could be explained as a result of invisi-
ply small particles pushing an object, a completely mechanical explanation.

“Though he thought even gravity and magnetism operated this way, some of
followers put greater emphasis on God as the ultimate cause of all events
and actions in the universe; God was thus the Prime Mover.

For Isaac Newton, the natural world provided unambiguous evidence for cer-
{ain religious ideas. An aloof and intense young man, Newton was a student
and then professor of mathematics at Cambridge, where he studied the new
concepts of mechanics and cosmology. and built the first working reflecting
telescope. He developed the calculus, a branch of mathematics that allows cal
culations involving rates of change, varying quantities, and curved figures, that
would ultimately underlic modern physics and engineering as well as mathe-
matics. In the 1670s Newton studied the nature of light, and also studied the
Bible and the writings of the early Christian church, because he was expected
{0 be ordained as a clergyman in the Anglican Church as a condition of his
position at Cambridge. His views on optics were published by the Royal Soci-
ety, but his views on religion were far too dangerous to be shared publicly. He
decided that the doctrine of the Trinity, in which the Father, Son, and Holy
Spirit are equally part of a triune God, was not part of the early church, but
invented in the fourth century; the ultimate God was one, not three, though
Christ was divine. Denying the Trinity was heresy and also illegal, so that
Newton kept his religious writings private, and got special dispensation to re-
main at Cambridge without being ordained. He continued to write extensively

on religious and alchemical topics, however, though these works were not
published.

In 1687, Newton published his most important work, the Philosophiae Natu-
ralis Principia Mathematica (Mathematical Principles of Natural Philosophy. usu-
ally just called the Principia). The Principia provided mathematical descriptions
of the laws of motion and the operation of gravity. This book brought to-
gether Galileos discoveries about motion on earth and Kepler's discoveries
about motion in the heavens, developing universal laws that applied anywhere,
expressed in mathematical terms. All bodies attract one another across empty

space, with the force of attraction dependent on the size of the bodies and
the distance between them (universal gravitation), and all bodies continue
to move or not move unless an outside force acts on them (inertia). Though
few people could actually understand it, the Principia was immediately rec-
ognized as a work of genius, and Newton was rewarded with a position as
Master of the Royal Mint, in charge of issuing coins and bills and preventing
counterfeiting. Newton's public fame and status continued to grow. He was
elected to Parliament several times, and elected president of the Royal Society





