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CHAPTER 2

The Scientific Revolution

Jouanngs Kepror's vision of the “House of Astronomy” from his book Tabulae Rudelphinae
pillar bears the name of such important contributers to the new science as Prolemy,
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he Scientific Revalution of the sixreenth and seventeenth cen-

turies replaced the medieval view of the universe with a new

cosmology and produced a new way of investigating narture, It
overthrew the medieval conception of nature as a hierarchical order
ascending toward a realm of perfection. Rejecting reliance on author-
ity, the thinkers of the Scienrific Revolution affirmed the individual's
ability to0 know the natural world through the method of marhemari-
cal reasoning, the direct observation of nature, and carefully con-
trolled experiments. :

The medieval view of the universe had blended the theories of Aris-
totie and Prolemy, two ancient Greek thinkers, with Christian teach-
ings. In that view, a stationary earth stood in the center of the universe
just above hell. Revolving around the earth were seven planets: the
moon, Mercury, Venus, the sun, Mars, Jupiter, and Saturn. Because
people believed thar earth did not move, it was not considered a
planet. Each planet was attached to a transparent sphere that turned
around the earth. Encompassing the universe was a sphere of fixed
stars; beyond the stars lay three heavenly spheres, the outermost of
which was the abode of God. An earth-centered universe accorded
with the Christian idea that God had created the universe for men and
women and that salvation was the aim of life.

Also agreeable ro the medieval Christian view was Aristotle’s divi-
sion of the universe into a lower, earthly realm and a higher realm be-
yond the moon. Two sets of laws operated in the universe, one on
earth and the other in the celescial realm. Earthly objects were com-
posed of four elements: earth, water, fire, and air; celestial objects
were composed of the divine ether—a substance oo pure, too clear,
too fine, too spiritual to be found on earth. Celestial objects naturally
moved in perfectly circular orbits around the earth; earthly objects,
composed mainly of the heavy elements of earth and warer, naturally
fel! downward, whereas objects made of the lighter elements of air
and fire naturally flew upward toward the sky.

The destruction of the medieval wozld picture began with the pub-
lication in 1543 of On the Revolutions of the Heavenly Spheres, by Nico-
laus Copernicus, a Polish mathematician, astronomer, and clergyman,
In Copernicus’s system, the sun was in the center of the universe, and
the earth was another planet that moved around the sun, Most

‘thinkers of the time, committed to the Aristotelian-Prolemaic system '
and to the biblical statements that seemed to support i, rejected |

Copernicus’s conclusions.
The work of Galileo Galilei, an Iralian Bmﬁrmawﬁﬁm: A5Tr0A0-
mer, and physicist, was decisive in the shartering of the medieval

cosmaos and the shaping of the modern scientific outlook. Galileo ad--

vanced the modern view that knowledge of nature derives from direct

observation and from mathematics. For Galileo, the universe was a |

“grand book which . . . is written in the language of mathemarics, and
its characters are triangles, circles, and other geornetric figures without
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which it is humanly impossible to understand a single word of it.’
Galileo also pioneered experimental physics, advanced the modern
idea that nature is uniform throughout the universe, and attacked re-
liance on scholastic authority rather than on experimencation in re-
solving scientific controversies.

Johannes Kepler (1571-1630), a conremporary of Galileo, discov-
ered three laws of planetary motion that greatly advanced astconomi-
cal knowledge. Kepler showed that the path of a planet was an ellipse,
not a circle as Prolemy (and Copernicus) had believed, and that planets
do not move at uniform speed but accelerate as they near the sun. He
devised formulas to calculate accurately both a planet’s &ummm at each
point in its orbir around the sun and a pianet’s location at a particular
time. Kepler's laws provided further evidence that Copernicus had
been right, for they made sense only in a sun-centered universe, but
Kepler could not explain why planets stayed in their orbits rather
than flying off into space or crashing iato the sun. The resolution of
that question was left to Sir Isaac Newton.

Newton’s great achievement was integraring the findings of Co-
pernicus, Galileo, and Kepler into a single theoretical system. In
Principia Mathematica (1687), he formulated the mechaaical liws of
motion and attraction that govern celestial and terrestrial objects.

The creation of & new model of the universe was one great achieve-
mént of the Sciedtific Revolution; another accomplishment was the
formulation of tHe scientific method. The scientific method encom-
passes two approaches to knowledge, which usually complement
each other: the empirical (inductive) and the rational (deducrive). Al-
though all sciedces use both approaches, the inductive method is
generally more applicable in such descriptive sciences as biology,
anatomy, and geblogy, which rely on the acecumulation of data. In the
inductive approach, general principles are detived from analyzing ex-
ternal experiences—observations and the résults of experiments. In
the deductive approach, used in mathematics and theoretical physics,
truths are derived in successive steps from intdubitable axioms.
Whereas the inductive method builds its concepts from an analysis of
sense experience, the deductive approach constriicts its ideas from
self-evident principles that are conceived by the mind itself without
external experience. The deductve and inductive approaches to
Wucﬁ;mmw«w and their interplay, have been a constantly recurring fea-
ture in Western intellectual history since the rationalism of Plato and
the empiricism of Aristotle. The success of the scieatific method in
modetn times arose from the skillful synchronization of induction and
deduction by such m::.:m as Leonardo, Copernicus, Kepler, Galileo,
and Newron,

The Scientific Revolution was instrumental in mwmwmbm the modern
outlook. It destroyed the medieval conception of the universe and
established the scientific method as the means for | investigating nature
and acquiring knowledge. even in areas havine lttle ro do wirh rhe




