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Revolutions in Science


Learning Objectives 


Upon completion of Chapter 3, you will be able to:


•	 Determine	the	themes	and	causes	of	the	Scientific	Revolution.


•	 Understand	the	culture	during	the	Scientific	Revolution.


•	 Summarize	the	founders	of	the	Scientific	Revolution.


•	 Trace	the	significance	of	women	in	the	Scientific	Revolution.


•	 Recognize	the	components	of	the	Copernican	Revolution	and	the	cosmological	shift	
from	geocentrism	to	heliocentrism.
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CHAPTER 3Section 3.1 The Scientific Revolution


Introduction


People	living	in	the	16th	and	17th	centuries	believed	they	were	experiencing	an	unpar-alleled	intellectual	break	from	the	past,	and	as	Aristotle’s	unquestioned	authority	diminished	 and	 ultimately	 faded	 away,	 a	 new	way	 of	 envisioning	 the	 universe	
emerged.	Using	new	techniques	and	methods	for	observing	and	experimenting	with	the	
natural	world,	scholars	proposed	dramatic	new	theories	and	made	groundbreaking	dis-
coveries	which	overturned	much	of	what	the	ancients	held	as	truth.	So	remarkable	was	
this	age	that	it	earned	the	title	“revolutionary.”	Francis	Bacon	(1561–1626),	in	his	Novum 
Organum	(Latin	for	“new	instrument”),	was	the	first	to	combine	the	terms	revolution	and	
science	(Cohen,	1985,	p.	500).	In	this	book	he	argued	that	out	of	the	previous	25	centuries,	
there	were	“only	 three	revolutions	and	periods	of	 learning.”	According	 to	Bacon	 these	
were	first	the	Greeks,	second	the	Romans,	and	the	third	was	ongoing	in	the	17th	century.	
Bacon	said	that	the	final	scientific	revolution	was	“among	us,	that	is	to	say,	the	nations	of	
Western	Europe”	(Bacon,	Ellis,	Robertson,	&	Speding,	1905,	p.	279).	Bacon’s	name	for	this	
age	has	continued,	and	today	we	still	refer	to	the	period	from	roughly	1500	to	1700	as	the	
Scientific Revolution,	a	period	that	fundamentally	changed	the	view	of	humanity,	Earth,	
and	the	cosmos.	In	this	chapter	we	will	discuss	the	central	themes,	the	main	causes,	and	
the	founders	of	the	Scientific	Revolution.


3.1 The Scientific Revolution


Though	the	Scientific	Revolution	spread	over	two	centuries	and	encompassed	many	different	scientific	and	cultural	elements,	four	main	themes	were	important:	Nature	was	 a	 machine,	 instruments	 could	 quantify	 and	 measure	 phenomena,	 science	
had	practical	value,	and	active	experimentation	could	prove	theory	better	than	passive	
observation.


Themes of the Scientific Revolution
The	Scientific	Revolution	defines	an	era	 in	which	there	was	a	 transition	point	between	
a	medieval	and	religious	view	of	nature	to	one	that	was	modern	and	scientific.	Scholars	
have	also	traditionally	regarded	it	as	a	change	from	a	teleological	to	a	mechanistic	view	of	
the	world.	Teleology	is	a	philosophical	perspective	which	holds	that	nature	has	a	purpose	
and	that	there	is	an	ultimate	reason	for	its	existence.	Replacing	this	was	the	idea	that	the	
universe	was	much	more	like	a	gigantic	machine,	defined	by	a	mathematical	regularity.	
One	example	of	this	was	an	increasingly	prevalent	mechanical	device	in	this	period—the	
clock.	 It	was	 the	perfect	 representative	of	how	something	with	gears	and	mechanisms	
could	quantify	something	that	was	previously	only	marked	approximately	by	position	
of	the	sun	in	the	sky.	Even	a	new	religious	belief	known	as	deism	emerged	in	1621	which	
proposed	that	God	was	a	“clock	maker,”	with	the	universe	as	a	metaphorical	clock	that	he	
created,	wound	up,	and	then	let	run.
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New	 mechanical	 apparatuses	 gave	 scientists	
unprecedented	powers	 to	observe	nature,	 from	
the	 very	 small,	 with	 the	 development	 of	 the	
microscope,	 to	 the	 very	 large,	with	 the	 inven-
tion of the telescope.	It	is	important	to	note	the	
importance	of	skilled	workers	in	creating	these	
machines,	such	as	clocks,	telescopes,	and	micro-
scopes,	 during	 the	 Scientific	 Revolution.	 Their	
skill	equipped	scientists	with	the	tools	to	quan-
tify	nature.	Without	 these	 tools,	scientists	were	
limited	 to	 the	 observational	 capabilities	 of	 the	
human	eye.


Another	related	theme	was	quantification	of	sci-
ence.	While	this	would	not	become	fully	realized	
until	the	18th	century,	during	the	Scientific	Revo-
lution	 instruments	allowed	for	natural	phenom-
ena	to	be	classified	or	quantified	with	numbers.	
A	 good	 example	 of	 this	 was	 the	 thermometer, 
which	 gave	 a	 numerical	 value	 to	 temperature.	
Ultimately,	 this	 was	 important	 because	 it	 gave	
science	 a	 utilitarian,	 or	 practical,	 value.	 These	
new	mechanistic	 and	mathematical	 views	were	
two	 of	 the	 underlying	 themes	 of	 the	 Scientific	
Revolution.


While	 other	 eras	 saw	 some	 limited	 forms	 of	
experimentation,	 the	 Scientific	 Revolution	 was	
the	 first	 time	 that	 scientists	 developed	 rigorous	
and	 repeatable	 tests	 to	 prove	 or	 disprove	 theories	 about	 nature.	 They	used	 two	main	
methods	to	experiment	with	nature:	induction and	Cartesian	deduction.


Francis	Bacon	was	a	proponent	of	 the	 first	method,	 induction.	 Bacon	argued	 that	one	
way	to	uncover	the	secrets	of	the	universe	was	by	starting	with	no	preconceived	notions,	
and	then	simply	gathering	as	much	data	as	possible	about	any	given	phenomenon	under	
study.	Through	the	exhaustive	collection	of	facts,	theories	would	emerge,	and	Bacon	called	
this	inductive	reasoning.	Taking	the	opposite	approach	was	René	Descartes	with	his	tech-
nique	known	as	Cartesian deduction.	The	deductive	approach	began	with	a	theory	and	
moved	toward	the	collection	of	facts	or	observations	that	might	prove	or	disprove	it.	For	
example,	Descartes	was	convinced	that	the	universe	operated	on	mechanistic	principles,	
and	then	from	this	main	theory	he	used	deductive	reasons	to	prove	his	thoughts.	This	pro-
cess	is	called	deductive	reasoning,	and	Descartes’	audiences	were	vast,	including	Queen	
Christina	of	Sweden	and	her	court.


Instruments that quantified natural 
phenomena, such as these thermometers, 
were important because they showed the 
practical use of science in everyday life.


Photos.com/Thinkstock
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Biographical Spotlight: René Descartes


There was not just one person responsible for establishing and 
defining the belief that the universe operated like a giant mecha-
nism. However, there was one person who “exerted a greater influ-
ence toward a mechanical philosophy of nature than any other 
man” (Westfall, 1977, p. 31). This was René Descartes (1596–1650), 
who infused the mechanistic worldview with an underlying phi-
losophy that gave it intellectual credibility. 


In Descartes’ 1637 publication called Discours de la Méthode (Discourse 
on Method) he conceived of the world in a way known as Cartesian 
dualism, meaning that there were just two substances of reality—
spirit (res cogitans) and matter (res extensa). These were entirely sepa-
rate entities, and never combined. This was essential for a mechanistic 
philosophy, because by removing mind or spirit from nature, what 
remained was an unthinking matter that scientists could dissect and 
define. Also, this meant that investigations into nature revealed consis-


tent data over time; once a scientific law was in place, it remained constant. Because of these ideas, “the 
physical nature of modern science had been born” (Westfall, 1977, p. 31). There were some problems with 
a purely materialistic view of the universe. For example, it prevented Descartes from believing that the 
moon could have an impact on the ocean tides on Earth because this action at a distance struck him as 
an occult, magical, or nonmaterialistic explanation. Nevertheless, with this philosophy, there was little in 
nature that scientists might not strive to understand and exert their will on.


Reflective Questions:


1. What do you think would have happened if Descartes hadn’t conceived his Cartesian dualism?
2. What are the positives and negatives of this materialistic view of the universe?


iStockphoto/Thinkstock


To	highlight	the	difference	between	inductive	and	deductive	reasoning,	pretend	that	you	
work	for	the	government	as	a	traffic	engineer.	You	are	told	that	there	is	a	problem	at	an	
intersection	in	a	specific	city,	and	you	must	fix	it	with	new	traffic	signals.	If	you	took	the	
inductive	approach,	you	would	simply	go	to	the	intersection	with	a	stopwatch,	a	counter,	
and	a	pad	of	paper	and	begin	counting	cars	and	taking	notes	on	traffic	jams.	You	would	be	
building	a	database	with	no	preconceived	ideas	as	to	your	solution.	Only	after	you	made	an	
exhaustive	collection	of	evidence	would	you	return	home	and	begin	thinking	about	a	solu-
tion.	However,	if	you	approached	this	problem	with	deductive	reasoning,	you	would	start	
first	with	a	hypothesis,	perhaps	by	looking	at	a	map	and	basing	your	initial	thesis	upon	
previous	experience	with	problems	like	this.	Once	you	worked	out	a	specific	plan	to	correct	
the	traffic	congestion,	you	would	then	test	it	through	experimental	data	to	either	prove	or	
disprove	your	hypothesis.	It	is	important	to	note	that	both	inductive	and	deductive	reason-
ing	can	lead	to	the	same	solution,	though	they	attack	the	problem	from	different	angles.


Causes of the Scientific Revolution


We	have	just	discussed	some	of	the	central	intellectual	themes	of	the	Scientific	Revolution,	
which	lead	to	a	related	question:	What	caused	the	Scientific	Revolution?	Furthermore,	why	
did	the	Scientific	Revolution	occur	specifically	in	Europe	and	during	this	period?	Scholars	
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have	speculated	on	these	questions	for	decades,	and	while	there	is	no	specific	answer	to	
the	debate,	there	is	consensus	that	culture	played	a	significant	role	(Shapin,	2010).


Cultural Causes
Four	main	cultural	factors	contributed	to	the	Scientific	Revolution:	freedom	of	thought,	
interaction	among	different	cultures,	resurgence	of	 the	Greek	beliefs	on	human	reason,	
and	religion.


With	regard	to	freedom	of	thought,	since	Europe	was	a	rather	tight	grouping	of	different	
nations	and	political	systems,	it	was	impossible	for	one	to	establish	a	single	intellectual	
mind-set.	If	one	area	appeared	too	restrictive	of	thought,	a	scholar	could	simply	travel	to	
another	location	where	there	was	less	conformity.	Thus,	there	was	a	great	deal	of	travel	
and	interaction	among	cultures.	This	was	not	just	true	within	Europe,	but	visitors	from	the	
Muslim	world	also	shared	key	advances	in	mathematics	and	astronomy.	The	Europeans	
also	began	to	reexamine	the	Greek	belief	that	the	world	was	rational	and	open	to	human	
reason.	And,	 initially,	 though	many	 today	 think	 that	 religion	was	 constantly	hostile	 to	
scientific	development,	this	was	far	from	the	whole	story.	In	fact	Christianity	provided	an	
important	incentive	for	scholars	to	study	and	observe	the	world	because	if	it	was	God’s	
creation	it	deserved	careful	attention	(Blackburn,	1991).	Many	of	the	scientists	at	this	time	
were	devout	Christians.


Other Causes 
As	one	might	expect	with	any	complex	historical	period,	many	scholars	have	advanced	
different	 reasons	 for	 causation.	We	 have	 already	mentioned	 the	 cultural	 causes.	 Some	
scholars,	 such	 as	 French	physicist	 and	 historian	 Pierre	Duhem,	 believe	 that	 there	was	
more	continuity	than	discontinuity	between	the	medieval	era	and	the	Scientific	Revolu-
tion	 and	 that	 therefore	 the	 causes	 are	 found	within	 the	 advancements	made	by	medi-
eval	scientists	because	they	were	the	ones	that	paved	the	way	and	laid	the	groundwork.	


Did You Know? Museums of Natural History


Prior to the Scientific Revolution, few Europeans had much 
interest in nature as a source of scholarly inquiry or investiga-
tion. However by 1500 this all changed, in part because suc-
cessful ocean voyagers returned from all parts of the world 
with amazing new collections of plants, bones, animals, and 
other artifacts. These natural treasures were not sequestered 
in some remote attic or laboratory, but instead, especially 
in Italy, public officials constructed vast museums of natural 
history. The Italian patricians spread their enthusiasm and 
passion for nature to a much wider public, which in turn con-
tributed to further scientific growth. The result was not just 
an increase in university-based studies, but also, in the 
16th and 17th centuries, increased attention from reli-
gious orders, princely courts, and scientific societies. It has been argued that natural history museums 
were an important transition point between the ancient and modern worlds (Findlen, 1994). 


Image copyright Antonio Abrignani, 2014. Used under 
license from Shutterstock, Inc.
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Duhem	specifically	argued	 that	 the	origins	of	modern	science	date	 to	 the	13th	century	
(Hellyer,	2003).


Other	scholars	have	argued	that	changes	in	societal	conditions	enabled	the	Scientific	Rev-
olution.	It	has	been	suggested	that	science	develops	only	in	societies	which	provide	the	
cultural	and	material	conditions	 for	 its	development.	England	 in	 the	17th	century	pro-
vided	these	sociological	conditions,	which	included	a	religious	justification	for	the	pursuit	
of	science.	There	was	a	“common	core	of	values	among	all	Protestant	groups	in	England,”	
and	this	included	a	glorification	of	God.	One	way	to	do	this	was	by	utilizing	intellectual	
gifts	to	the	fullest,	and	human	reason	was	a	paramount	gift.	Therefore,	the	pursuit	of	sci-
ence	enabled	scholars	to	glorify	God,	and	this	provided	science	with	the	cultural	support	
it	required	to	grow	into	a	“revolution”	(Merton,	1970).


Another	social	cause	related	to	the	Scientific	Revolution	was	the	rise	of	scientific	institu-
tions.	The	Scientific	Revolution	was	also	a	“sociological	phenomenon”	which	included	a	
vast	increase	in	the	numbers	of	individuals	and	institutions	interested	in	engaging	in	sci-
entific	research	(Westfall,	1977).	Many	of	the	institutions	formed	during	the	Scientific	Rev-
olution	still	play	a	central	role	in	the	pursuit	of	science.	One	example	is	the	Royal	Society	of	
London.	Begun	as	an	“invisible	college”	of	members	in	the	1640s,	the	society	held	its	first	
official	meeting	in	1660.	Today	it	represents	a	fellowship	of	the	world’s	most	renowned	
scientific	minds	and	remains	the	oldest	scientific	academy	in	continuous	existence.


3.2 The Culture of the Scientific Revolution


To	truly	 understand	 some	 of	 the	 greatest	 scientific	minds	 in	 history	 that	 lived	 in	this	era,	we	need	to	appreciate	the	culture	of	the	times.	Consider	the	political	and	social	 changes	 in	Europe	 in	 the	 17th	 century.	 In	 the	 first	 60	 years,	 the	 continent	
endured	numerous	wars,	with	Dutch	independence	from	Spain,	an	English	civil	war,	and	
the	Thirty	Years’	War	(1618–1648)	that	was	devastating	to	Germany.	However,	a	signifi-


cant	transition	occurred	around	
1660	which	included	a	“century	
of	relative	calm,	political	stabil-
ity,	and,	in	some	areas,	economic	
growth”	 (Blackburn,	 1991,	 p.	
276).	There	was	still	conflict	but	
it	did	not	completely	define	the	
culture	as	it	had	in	decades	past.	
One	 result	 of	 stability	 was	 the	
emergence	of	large	cities	such	as	
London,	Paris,	Naples,	Amster-
dam,	Vienna,	 and	Madrid.	 The	
cities	 were	 important	 for	 sev-
eral	 reasons.	 They	 were	 typi-
cally	 capitals	 of	 their	 countries	
and	 were	 political	 centers	 and	
connection	 points	 to	 a	 national	
market.	 They	 also	were	 instru-
mental	in	shaping	the	culture	of	


The growth of cities, such as Amsterdam, during the 17th 
century helped lead the way for the Scientific Revolution.


iStockphoto/Thinkstock
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their	countries	through	art,	literature,	and	music.	Finally,	cities	were	the	home	of	the	great-
est	concentrations	of	wealth	and	innovation.	These	cultural	elements	of	wealth,	innova-
tion,	stability,	political	power,	economic	control,	and	artistic	expression	formed	a	fertile	
breeding	ground	for	scientific	activity.	The	time	was	ripe	for	a	“scientific	revolution.”


Prior	 to	 the	Scientific	Revolution,	people	relied	on	their	senses	 to	 tell	 them	about	 their	
world.	There	were	no	telescopes	to	see	beyond	the	visible	stars	and	moon	in	the	night	sky.	
Nor	were	there	microscopes	to	open	up	worlds	so	small	that	no	human	eye	could	detect	
them.	There	also	was	an	unquestioned	cultural	belief	that	humans	were	the	center	of	cre-
ation,	and	therefore	their	home,	Earth,	must	be	the	center	of	the	universe.


This	belief	that	Earth	was	immobile	was	based	on	perception;	no	one	felt	it	move.	These	
ideas	went	beyond	mere	sense	perceptions	as	centuries-old	authorities	such	as	Aristotle	
appeared	 to	 confidently	prove,	 for	 example,	 that	 rocks	 fell	 toward	Earth	because	 they	
were	seeking	their	natural	resting	place,	which	was	the	center	of	the	universe.	Although	
some	argued	that	Earth	might	be	spinning	on	an	axis	while	at	the	same	time	revolving	
around	the	sun,	most	people	felt	this	idea	was	absurd.	Skeptics	came	from	nearly	all	edu-
cated	circles,	not	just	the	church.	For	example,	English	poet	John	Donne	was	one	of	the	
first	to	express	fear	over	these	new	ideas.	He	wrote:


And	new	Philosophy	calls	all	in	doubt,
The	Element	of	fire	is	quite	put	out;
The	Sun	is	lost,	and	th’Earth,	and	no	mans	wit
Can	well	direct	him	were	to	look	for	it	.	.	.
‘Tis	all	in	pieces,	all	cohaerence	gone;	(Cruickshank,	2010,	p.	109)


While	 it	 seemed	 to	 some	 like	 John	 Donne	 that	 all	 coherence	 in	 the	 world	 was	 gone	
because	some	began	to	speculate	that	Earth	was	no	longer	the	center	of	the	universe,	to	
the	founders	of	the	Scientific	Revolution	it	represented	a	thrilling	and	vibrant	era	of	new	
understanding.


3.3 Founders of the Scientific Revolution


While	we	have	discussed	causes	such	as	medieval	continuity,	magic,	culture,	and	society	 as	 establishing	 the	 conditions	necessary	 for	 the	Scientific	Revolution,	there	 is	 another	 cause,	perhaps	 the	most	 important	 one	of	 all—the	 scientists	
themselves.	 The	 contributions	 of	 these	 canonical	 founders	 of	 the	 Scientific	 Revolution	
paved	the	way	for	modern	fields	of	astronomy,	physics,	physiology,	and	chemistry	(see	
Table	3.1).
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Table 3.1: The Founders of Modern Science 


Name Specialization Why


Nicolaus 
Copernicus 
(1473–1543)


Modern astronomy Polish astronomer who proposed that the sun, and 
not Earth, was at the center of the universe


Andreas Vesalius 
(1514–1564)


Modern anatomy Dutch scientist who used dissecting techniques to 
open up the human body and develop a systematic 
appraisal of human anatomy


René Descartes 
(1556–1650)


Modern 
philosophy


French mathematician known for deductive 
reasoning and who argued that all observed natural 
phenomena were simply the product of particles in 
motion


Galileo Galilei 
(1564–1642)


Modern science Italian astronomer who used the telescope to make 
new observations and discoveries about the solar 
system


Tycho Brahe 
(1564–1601)


Modern 
observational 
astronomy


Danish astronomer who oversaw an observatory on 
the Island of Hven


Johannas Kepler 
(1571–1630)


Celestial 
mechanics


German astronomer who developed laws of 
planetary motion


William Harvey  
(1578–1657)


Modern 
physiology


English physician who was the first to apply 
the experimental method to biology and who 
discovered that human blood circulates


Blaise Pascal 
(1623–1662)


Modern 
probability theory


French mathematician who invented a mechanical 
computer and the game of roulette and advanced 
the field of statics


Robert Boyle 
(1627–1691)


Modern chemistry Irish physicist and chemist who investigated air 
pressure


Isaac Newton 
(1642–1727)


Modern physics English mathematician who was responsible for 
discovering the basic laws of universal motion and 
the nature of light


It	is	essential	to	note	that	women	were	also	involved	in	the	pursuit	of	scientific	activities,	
though	often	not	rewarded	with	the	same	notoriety	as	their	male	counterparts.	Most	of	
these	women	were	known	as	experts	in	a	variety	of	medical	realms	such	as	female	ail-
ments,	family	medicine,	and	childbirth.	For	example,	French	midwife	Louise	Bourgeois	
Boursier	(1563–1636)	made	contributions	to	obstetrics,	documenting	her	techniques.	Rarer	
were	women	involved	in	physics,	mathematics,	and	astronomy,	though	there	were	some	
exceptions.	Gabrielle	du	Châtelet	(1706–1749)	became	the	leading	translator	of	Newton’s	
work	into	French.
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Biographical Spotlight: Gabrielle-Émilie Le Tonnelier de Breteuil


Gabrielle-Émilie Le Tonnelier de Breteuil (1706–1749) came from an aristocratic family and, at the 
age of 19, married the Marquis Florent-Claude du Châtelet and became known as Émilie du Châte-
let. Her husband, a military man, was frequently absent, and she busied herself with an active social 
life in Paris. She had many extramarital relationships, including a long romantic association with the 
philosopher Voltaire, which began in 1733.


Her interests in science were serious and exceptional for a woman in her day. When she was pre-
vented from attending formal universities because of her sex, she engaged tutors to teach her 
science, mathematics, and philosophy. She became a skilled mathematician, and she and Voltaire 
together studied the work of Isaac Newton. 


Du Châtelet’s major work was a French translation of the Latin version of Newton’s Principia. The 
complete version of this translation was published in 1759, after her death, and long remained the 
only available translation of Newton in French. She also wrote other works on science, including 
Institutions de Physiques in 1735, which combined a discussion of physics and metaphysics, and Dis-
sertation sur la nature et la propagation du feu in 1739, in which she countered Voltaire’s own notion 
that fire was matter and had weight. 


Her writings were not limited to science. Her works included a monograph on happiness (Discours 
sur le bonheur)—which was aimed primarily at women—a translation of Bernard Mandeville’s Fable 
of the Bees (a poem about morality), and commentaries on the Old and New Testaments. She was 
also a vocal advocate for the education of women.


Her contributions to science were recognized by her contemporaries, and she was granted member-
ship in the Bologna Academy of Science. 


Reflective Questions:


1. Do you think Mme. du Châtelet would have been as successful in her scientific pursuits had she not 
been of the upper class? Why or why not?


2. What were the main challenges faced by women in this era who had scientific interests? Do they 
have the same challenges today? Why or why not?


Intellectually	gifted	women	often	used	personal	connections	to	break	down	barriers	and	
gain	access	 to	a	male-dominated	scientific	profession.	Robert	Boyle’s	sister,	Mary,	pub-
lished	books	 that	contained	her	herbal	and	medical	advice,	while	Tycho	Brahe’s	 sister,	
Sofia,	assisted	with	astronomical	observation,	instrument	making,	and	illustrations,	and	
Maria	Wilkelmann	(1670–1720)	helped	her	husband	with	astronomical	observations	and	
made	her	own	discoveries,	such	as	a	comet	(Applebaum,	2008,	pp.	928–929).
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Women in the Scientific Revolution


One of the main problems that prevented more women from entering the sciences during the Sci-
entific Revolution was that science was a male-dominated realm that actively sought to exclude 
the participation of women, no matter their capabilities or expertise. However, some scholars have 
argued that male scientists of this period went beyond mere exclusion and entered into the realm 
of exploitation. According to historian Carolyn Merchant (1989), the Scientific Revolution resulted in 
the “death of nature,” and scientists of this era reinvented nature as a “passive woman” that needed 
to be mastered and controlled. This new view replaced the previous feminine view of nature as a 
mother or goddess that needed to be revered or protected (Cohen, 1994, p. 196).


Merchant placed the crux of her argument on the words of Francis Bacon himself, who argued that 
nature was a woman fit to become man’s slave. Specifically he said, “I am come in very truth leading 
you to Nature with all her children to bind her to your service and make her your slave” (McKnight, 
2006, p. 107). Bacon envisioned scientists as taskmasters who controlled and manipulated nature to 
their desires. He wrote, “For you have but to follow and as it were hound nature in her wanderings, 
and you will be able, when you like, to lead and drive her afterwards to the same place again” (Leiss, 
1994, p. 59). These were not mere words, according to Merchant. They contained powerful ideas that 
shaped the development of modern science. Furthermore, there were numerous other examples of 
Bacon’s use of terms that alluded to science penetrating into the womblike sanctity of the secrets 
of nature. Bacon wrote, “I invite all such to join themselves, as true sons of knowledge, with me, that 
passing by the outer courts of nature, which numbers have trodden, we may find a way at length 
into her inner chambers” (Sheffield, 2006, p. 242). 


Merchant concluded, “Here, in bold sexual imagery, is the key feature of the modern experimental 
method. . . . The constraints against penetration in Natura’s lament over her torn garments of modesty 
have been turned into sanctions in language that legitimates the exploitation and ‘rape’ of nature for 
human good” (Merchant, 1989, p. 171). The viewpoint that nature exists for our exploitation has led 
to some significant problems. First is the environmental crisis of the present day that threatens the 
planet. Merchant wrote, “Ozone depletion, carbon dioxide buildup, chlorofluorocarbon emissions, and 
acid rain upset the respiration and clog the pores and lungs of the ancient Earth Mother” (Merchant, 
1989, p. xv). This was allowed to happen because the harmful environmental side effects of scientific 
and industrial progress were always of secondary concern to scientists whose perspectives were that 
nature could and should be manipulated in whatever way deemed best by man. A second result has 
been the exclusion of women from science itself, a topic to which we will return later in this book. 


Reflective Questions:


1. What do you think “the death of nature” means? How does it relate to women in science?
2. Do you believe that Bacon’s view of nature is still with us today? Why or why not?


3.4 The Copernican Revolution 


Nicolaus	Copernicus,	 Tycho	Brahe,	 Johannas	Kepler,	 and	Galileo	Galilei	 funda-mentally	 transformed	the	knowledge	of	our	place	 in	 the	cosmos.	Overturning	the	geocentric	 theory	and	 the	belief	 that	humans	and	Earth	were	 the	heart	of	
the	universe,	these	men	replaced	this	notion	with	the	heliocentric theory, which put the 
sun	at	the	center	of	the	universe.	All	of	these	men	had	personal	stories	shaped	by	their	
cultures	that	influenced	their	science.	The	start	of	it	all	was	a	book	by	Copernicus	that	
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nobody	read	at	the	time	and	that	the	Catholic	Church	banned,	yet	it	ignited	what	some	
call	a	scientific	revolution.


Nicolaus Copernicus 


During	the	course	of	Copernicus’s	lifetime,	he	recorded	only	60	to	70	of	his	own	observa-
tions	and	saw	the	only	book	he	ever	published,	On the Revolutions of the Heavenly Spheres, 
for	the	first	time,	 in	its	printed	form,	on	the	day	he	died.	The	system,	which	that	book	
described,	was	full	of	errors	and	miscalculations	and	was	prefaced	with	a	disclaimer	to	
ignore	the	book’s	hypothesis.	He	died	an	unsatisfied	man	(Koestler	&	Butterfield,	1989).	
Despite	this,	Copernicus	produced	one	of	the	most	identifiable	achievements	of	the	Sci-
entific	Revolution.


Copernicus	began	his	astronomical	work	in	quiet	isolation,	and	in	1511,	he	wrote	a	secret	
book	and	locked	it	away.	This	secret	book,	The Commentariolus,	contained	ideas	of	a	Coper-
nican	system	of	the	universe	which	heretically	removed	Earth	from	the	center.	In	this	book	
Copernicus	stated:


•	 The	heavenly	bodies	do	not	move	around	the	same	center.
•	 Earth	is	the	center	to	only	the	Moon.
•	 The	Sun	is	the	center	of	the	planetary	universe.
•	 The	distance	from	Earth	to	the	Sun	is	small	compared	to	the	stars.
•	 Earth	rotates	on	its	own	axis	and	revolves	around	the	Sun.	(Rosen,	2004)


Copernicus	 distributed	 these	 axioms	 only	 in	
manuscript	form	because	he	was	afraid	of	criti-
cism	and	was	himself	 in	doubt	of	his	 findings.	
It	 wasn’t	 until	 Andreas	 Osiander,	 a	 Lutheran	
preacher,	 convinced	 Copernicus	 to	 publish	 his	
theories	 that	De Revolutionibus, or On the Revo-
lutions of the Heavenly Spheres,	 was	 published	
(1543).


The	book	 itself	was	divided	 into	 six	parts.	The	
first	was	an	outline	of	the	theory	subdivided	into	
two	sections	on	spherical	trigonometry.	The	sec-
ond	 part	 consisted	 of	 mathematical	 principles	
of	 astronomy.	 The	 third	 contained	 descriptions	
of	 the	motions	 of	 Earth,	 the	 fourth	was	 on	 the	
motions	of	the	moon,	and	the	fifth	and	sixth	were	
on	the	motions	of	the	other	planets.


The	greatest	advantage	of	the	Copernican	system	
over	 the	 Ptolemaic	 system,	 which	 it	 replaced,	
was	 its	 answer	 to	 the	problem	of	 the	 apparent	
slowing	down,	stopping,	and	reversing	of	direc-
tion	of	the	planets	from	observations	on	Earth—
called	 retrograde motion.	 Copernicus	 solved	
this	by	simply	placing	the	sun	at	the	center	of	the	


Nicolaus Copernicus.  Why do you think he 
hesitated to publish his findings?
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universe	(solar	system).	On	May	24,	1543,	Copernicus	died	as	a	result	of	a	cerebral	hemor-
rhage,	and	his	theory	would	not	be	taken	seriously	(and	seriously	revised)	until	a	century	
later.	Despite	this,	Copernicus	produced	one	of	the	most	identifiable	achievements	of	the	
Scientific	Revolution,	a	fully	predictive	mathematical	model	of	a	heliocentric	system.


Tycho Brahe


To	turn	the	intellectual	tide	toward	the	general	idea	of	a	sun-centered	system,	a	substan-
tial	amount	of	data	needed	to	be	gathered	and	analyzed.	This	occurred	on	the	Island	of	
Hven,	 a	place	gifted	by	 the	Danish	king	 to	Tycho	Brahe	 (1546–1601).	 It	was	 there	 that	
Brahe	coordinated	a	vast	scientific	team	who	used	the	most	advanced	telescopic	technol-
ogy	of	their	day.	He	also	established	the	team	and	organizational	approach	to	large-scale	
science	that	became	the	hallmark	of	the	20th	century.


Brahe	was	a	Danish	nobleman	who	had	the	 freedom	to	devote	his	 life	 to	his	passions.	
Described	as	 a	 “robust,	 swashbuckling	 extrovert,	with	 an	 enormous	appetite	 for	 food,	
wine	and	life	in	general,”	he	also	had	a	deep	intellectual	passion	to	understand	the	uni-
verse	above	him	(Gilder	&	Gilder,	2004,	p.	2).	Though	astronomy	was	a	highly	unusual	
interest	for	one	of	his	station,	his	interest	in	it	became	the	central	focus	of	his	life.


Islands	by	their	very	nature	are	separate	places,	and	Brahe	imbued	his	with	a	culture	of	
mysticism.	As	John	Robert	Christianson	wrote	in	his	book	On Tycho’s Island,	Brahe	saw	his	


island	as	“a	magical	place	where	gods	and	god-
desses	dwelt	on	Earth.”	The	inhabitants	spent	all	
of	their	time	living	and	working	in	a	structure	he	
called	the	Temple	of	Urania,	and	Brahe	said	that	
“visitors	to	the	island	had	the	privilege	of	expe-
riencing	 the	 realm	of	 the	divine	and	 left	 as	bet-
ter	people.”	Christianson	concluded	that	Tycho’s	
island	became	a	“crucible	of	the	Scientific	Revolu-
tion”	(Christianson,	2000,	pp.	4–5).	One	of	Brahe’s	
first	 tasks	 when	 he	 was	 bequeathed	 the	 island	
was	to	construct	a	grand	building	that	served	as	
a	 residence	 fit	 for	 a	 nobleman,	 an	 astronomical	
observatory,	an	alchemical	laboratory,	and	a	cen-
ter	for	all	administrative	duties.


Remarkably,	Brahe	did	not	use	a	 telescope,	but	
instead	 commissioned	 the	 construction	 of	 vast	
numbers	of	other	instruments	that	enabled	him	
and	his	workers	to	precisely	define	the	positions	
of	planets	and	heavenly	bodies.	With	them	they	
made	some	of	the	most	accurate	observations	of	
the	moon,	planets,	and	stars	ever	recorded.	He	
mapped	 over	 1,000	 fixed	 stars	 and	 developed	
an	 exacting	 survey	 of	 the	 solar	 system.	 From	
these	 he	 created	 highly	 detailed	 astronomical	
tables	 that	 supported	 the	work	 of	 astronomers	
for	centuries.


Tycho Brahe designed and built four 
different armillary spheres which he used in 
his astronomical observations, including the 
great equatorial armillary sphere (1585).


iStock/Thinkstock








67


CHAPTER 3Section 3.4 The Copernican Revolution 


Unlike	Copernicus,	Brahe	himself	strongly	doubted	that	Earth	moved.	Instead,	Brahe’s	
astronomical	model	located	Earth	at	the	center	of	the	universe,	with	the	sun	and	moon	
orbiting	around	 it	 (a	model	called	geocentrism).	However,	he	did	concede	 that	 for	his	
observations	to	make	the	most	sense,	it	was	most	likely	the	other	planets	revolved	around	
the	sun.	In	order	to	lend	support	to	his	views,	in	1600	Brahe	offered	to	serve	as	patron	to	
a	young	and	promising	German	astronomer	named	Johannas Kepler.	It	might	have	been	
the	biggest	mistake	of	his	life.


Johannas Kepler 


Johannas	 Kepler	 (1571–1630)	 was	 not	 content	 to	merely	 describe	 the	 heavens.	 Kepler	
wanted	 to	know	why	 it	was	built	 the	way	 it	was.	Of	who	built	 it,	 there	was	no	doubt	
in	Kepler’s	mind.	As	one	historian	wrote,	“For	Kepler,	the	Copernican	heliocentric	sys-
tem	was	a	manifest	symbol	of	God	in	His	creation	and	a	sign	of	His	intelligent	design”	
(Voelkel,	2001,	p.	60).	 In	 the	opening	sentences	of	his	book,	Mysterium Cosmographicum 
(The Cosmological Mystery,	1596),	Kepler	wrote,	“I	promise	generally	that	I	shall	say	noth-
ing	which	would	be	an	affront	to	Holy	Scripture”	(Kepler	&	Aiton,	1981,	p.	75).


Kepler	 felt	 that	 the	universe	was	built	 around	
Plato’s	 five	perfect	 solids—the	 cube,	 the	 tetra-
hedron,	 the	 dodecahedron,	 the	 icosahedron,	
and	the	octahedron	(see	Section	1.4)—with	each	
planetary	 interval	 representing	 one	 solid.	 He	
devoted	the	first	part	of	his	book	to	determin-
ing	why	 there	were	 five	 planets	 (because	 five	
was	the	total	number	of	perfect	solids)	and	the	
relevance	 of	 their	 distribution	 from	 the	 Sun.	
He	 searched	 for	 a	 mathematical	 relationship	
between	 a	planet’s	distance	 from	 the	 Sun	and	
the	length	of	its	year.


Kepler	divided	his	work	into	five	books,	which	
paid	homage	to	the	five	perfect	solids.	The	first	
two,	which	he	 called	Geometrical and	Architec-
tonic,	concentrated	on	harmony	in	mathematics.	
He	called	his	third	book	Harmonic	and	focused	
on	what	he	called	the	“harmonic	proportions”	
in	 the	 perfect	 solid	 figures.	 His	 fourth	 book,	
called	Metaphysical,	centered	on	the	metaphysi-
cal	 aspects	 of	 the	 universe,	 which	 included	
astrology	and	how	 it	 affects	 the	 “human	 soul.”	
The	title	for	his	fifth	book	was	Astronomical,	and	
in	it	he	investigated	the	“most	perfect	harmonies	
of	the	celestial	motions”	(Kepler,	1997,	p.	1).


In	1597,	Kepler	sent	copies	of	Mysterium	to	eminent	scholars	of	his	day	and	then	decided	
to	 devote	 his	 life	 to	 a	 serious	 study	 of	 astronomy.	 He	 believed	 in	 the	 heliocentric	


Johannas Kepler believed that the universe 
was created from five geometric shapes, 
which are depicted here in this late 16th-
century illustration of the universe.
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Copernican model	and	wanted	
to	 incorporate	 this	 idea	 with	
the	 Pythagorean	 synthesis	 of	
mysticism	and	science.	In	order	
to	 support	 his	 theories,	 Kepler	
began	a	partnership	with	Tycho	
Brahe.	 Working	 together	 in	
Prague,	 they	 had	 a	 relation-
ship	 that	 some	 called	 the	most	
contentious	in	scientific	history.	
The	 two	 men	 were	 incredibly	
different,	 with	 Brahe	 from	 a	
noble	 background	 and	 Kepler	
from	a	family	who	struggled	to	
put	food	on	the	table.	Also,	they	
differed	 in	 their	 cosmological	
theories,	 with	 Brahe	 support-
ing	 geocentrism	 and	 Kepler	 a	
Copernican	heliocentrism.


Brahe’s Mysterious Death


Brahe and Kepler’s partnership was to last 18 months, until Brahe’s death. There is a controversy sur-
rounding the revision of Brahe’s will. Brahe was 54 years old at the time of his death, and it occurred 
suddenly, as he had been in good health. And, despite their differences, Brahe surprisingly willed 
his equipment and life’s work to Kepler. The true cause of Brahe’s death remained clouded for over 
four centuries until a 1991 forensic examination of Brahe’s hair revealed that he had lethal levels of 
mercury in his system. Some now speculate that Kepler was the person most likely to have slowly 
poisoned his mentor, the motive being that he could take over Brahe’s astronomical possessions 
and, most importantly, finally have access to the observations that Brahe kept secret (Gilder & Gilder, 
2004, Image 2.25).


Reflective Questions:


1. What other reasons can you think of for Brahe having such lethal levels of mercury in his system?
2. If indeed it is true that Kepler played a part in the death of Brahe, how should this impact Kepler’s 


legacy?


After	Brahe’s	death,	Kepler	took	over	the	observatory,	and,	from	1601	to	1612,	he	served	as	
the	imperial	mathematician	to	Rudolph	II.	While	he	provided	detailed	astrological	advice	
to	the	emperor,	Kepler	founded	two	entirely	new	sciences	known	as	instrumental	optics	
and	physical	astronomy.	He	also	wrote	a	book	entitled	Astronomia Nova (A New Astron-
omy)	in	1609.	This	book	detailed	his	first	two	laws	which	helped	him	to	solve	the	problem	
of	the	orbit	of	Mars,	whose	motions	plagued	astronomers	for	centuries.	He	also	correctly	
proposed	that	the	Sun	rotated	upon	its	axis.


Tycho Brahe (left) and Johannas Kepler (right) worked together 
on cosmological models, but they did not always see eye to 
eye. 


Left: Photos.com/Thinkstock. Right: iStock/Thinkstock.
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Kepler’s	 third	 law	was	 to	 come	 in	 the	work	entitled	Harmonice Mundi (Harmony of the 
Worlds),	which	he	published	in	1619.	In	this	book	he	attempted	to	describe	the	nature	of	
the	universe	with	a	synthesis	of	geometry,	music,	astrology,	astronomy,	and	epistemology.	
Again,	it	might	seem	odd	to	us	today	that	music	and	astrology	played	central	roles	in	a	
scientific	theory,	but	it	was	a	vastly	different	cultural	and	intellectual	time.	Kepler’s	third	
law,	which	lies	almost	hidden	in	the	book,	says	that	the	squares	of	the	periods	of	revolu-
tion	of	any	two	planets	are	equal	to	the	cubes	of	their	mean	distances	from	the	Sun.	The	
main	importance	of	this	law	was	that	it	later	served	as	essential	evidence	for	Newton’s	
law	of	gravity.	Together,	Kepler’s	three	laws	enabled	the	development	of	the	new	science	
of celestial mechanics.


Did You Know? Kepler’s Witches


Johannas Kepler’s mother was raised by an aunt who was burned at the stake for being a witch. His 
mother, too, was tried for witchcraft in 1620. Luckily, Kepler was able to hire good lawyers to help set 
her free (Connor, 2004). 


Galileo Galilei


Copernicus,	Brahe,	and	Kepler	were	extremely	limited	in	their	views	of	the	universe.	Few	
advances	in	technology	improved	the	observational	capabilities	beyond	the	human	eye.	How-
ever,	 there	was	 a	dramatic	 technological	develop-
ment	by	the	time	of	Galileo	Galilei	which	promised	
to	 provide	 vital	 new	 opportunities	 to	 understand	
the	mysteries	of	the	heavens:	the	telescope.


Galileo	Galilei	(1564–1642)	was	an	Italian	astrono-
mer	 and	philosopher	who	made	 several	 signifi-
cant	 contributions	 to	 understanding	 the	 cosmos	
during	the	Scientific	Revolution.	Born	in	Pisa,	he	
was	 raised,	 and	 remained	 throughout	his	 life,	 a	
devout	Catholic,	even	though	he	was	at	the	cen-
ter	of	one	of	 the	most	well-known	controversies	
between	science	and	religion.


Galileo	pursued	the	mysteries	of	the	heavens	in	his	
own	unique	way,	in	part	through	the	use	of	tech-
nology	to	greatly	aid	his	observations.	He	was	the	
first	to	make	practical	use	of	the	telescope,	and	in	
fact	since	this	was	such	a	new	device	at	that	time,	
he	constructed	his	own	in	1609.	With	it,	he	made	
observations	of	 the	surface	of	 the	moon,	discov-
ered	 four	of	 Jupiter’s	moons,	and	also	observed	
stars	never	before	seen	(Bowler	&	Morus,	2005,	p.	
29).	Most	of	his	discoveries	were	made	over	 the	
course	of	only	six	years.	Galileo	was	responsible	


With his telescope, Galileo was able to 
observe the moon as never before. Here, 
he is presenting his telescope to the 
Muses.
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for	numerous	other	discoveries	 such	as	 the	phases	of	 the	planet	Venus	and	proof	 that	
Earth’s	moon	was	responsible	for	causing	the	oceanic	tides.


Galileo’s	discovery	of	 Jupiter’s	moons	was	 significant	because	 it	 seemed	 to	prove	 that	
Copernicus	was	correct	in	the	general	assumption	that	Earth	was	not	the	center	of	every-
thing.	At	least	here	was	incontrovertible	proof	that	these	newly	discovered	heavenly	bod-
ies	were	orbiting	 Jupiter.	These	discoveries,	published	 in	Galileo’s	book	called	Sidereus 
Nuncius (The Starry Messenger)	in	1610,	greatly	elevated	his	status	as	a	university	profes-
sor.	He	not	only	became	a	professor	of	philosophy	at	the	University	of	Pisa,	but	the	Grand	
Duke	of	Tuscany,	Cosimo	de’Medici,	appointed	him	court	philosopher	and	mathemati-
cian.	In	honor	of	Galileo’s	discovery,	the	four	largest	moons	of	Jupiter	(there	are	63	in	total)	
are	now	known	as	the	system	of	Galilean moons.


Galileo	redefined	how	scientists	earned	and	took	credit	for	discoveries.	He	had	techniques	
that	he	used	“to	maximize	the	credit	he	could	receive	from	readers,	students,	employers,	
and	patrons”	(Biagioli,	2006,	p.	2).	For	example, in	an	attempt	to	gain	a	monopoly	over	
telescopic	astronomy,	he	kept	critical	information	secret	from	all	others	who	tried	to	dupli-
cate	his	success.


Galileo’s Little Eye


The great scientific information explosion in the 17th century was not confined to physical science 
studies, such as chemistry, air pressure, and magnetism. Though the term biology did not exist yet, 
there was a tremendous growth of new knowledge in the realm of human physiology and the life 
sciences. The development of a new technology opened up an entirely new, previously unseen 
world, literally invisible and at the fingertips of the scientists. 


The invention of the microscope revealed this new world in the early 17th century, and Galileo 
was one of the first to engage in scientific research with it. In 1624, he called the instrument an 
occhiolino, or “little eye.” However, his assistant popularized the term microscope (Gould, 2000, p. 49). 
Francesco Stelluti (1577–1652) was the first person to publish his microscopic findings. He wrote, 
“I have used the Microscope to examine bees and all their parts. I have also figured separately all 
members thus discovered by me, to my no less joy than marvel, since they are unknown to Aristotle” 
(Singer, 1959, p. 150). Many scientists followed his work with their own microscopic investigations. 
In the 1660s and 1670s, Marcello Malpighi (1628–1694) examined the structures of the lungs, Robert 
Hooke (1635–1703) composed detailed drawings of the human body, and Antoni van Leeuwenhoek 
(1632–1723) discovered red blood cells and spermatozoa. The result of this combined work was that 
the late 17th century became known as the “heroic age of microscopy” (Westfall, 1977, p. 86). 


Reflective Questions:


1. What other examples, besides the microscope, can you think of where science and technology are 
essential partners?


2. Which do you think is more remarkable to look through—the microscope or the telescope? Why?


What	earned	Galileo	credit	in	one	venue—science—was	termed	criminal	responsibility	by	
another—the	Catholic	Church’s	Inquisition.	The	publication	of	his	book	Dialogue Concern-
ing the Two Chief World Systems (1632)	precipitated	a	conflict	with	the	Catholic	Church	that	








71


CHAPTER	3Chapter Closing


eventually	led	to	Galileo	being	put	on	trial	for	accepting	as	truth	the	idea	that	the	Earth	
revolved	around	the	Sun	(Finocchiaro	&	Galilei,	1989).	Galileo’s	offense	went	beyond	sci-
ence,	as	he	also	began	interpreting	scripture	and	identifying	areas	where	he	believed	it	
was	incorrect.	At	the	time,	the	Catholic	Church	had	little	tolerance	for	this	behavior	and	
believed	it	had	to	put	an	end	to	his	actions.	The	trial	took	place	in	1633.	The	Church	even-
tually	condemned	Galileo	not	to	the	dungeons	of	the	Inquisition,	but	instead	to	his	own	
house,	where	he	continued	to	research	and	write,	dictating	ideas	to	his	son.


Galileo	 completed	his	 scientific	masterpiece	during	his	 imprisonment	 and	 in	 1638,	 he	
published	his	Dialogues Concerning Two New Sciences.	 It	defined	the	laws	of	accelerated	
motion	for	all	falling	bodies,	which	became	the	“cornerstone	of	modern	physics”	(Hawk-
ing,	 2002,	p.	 xvi).	The	 two	 sciences	 that	he	 founded	 in	 this	 book	were	 the	 strength	of	
materials,	which	was	 later	 known	 as	materials	 engineering,	 and	 the	 study	 of	motion,	
called	kinematics.	Four	years	after	this	publication,	Galileo	died,	and	today	his	remains	
lie	next	to	Michelangelo	and	Machiavelli	in	the	Pantheon	of	the	Florentines	in	the	church	
of	Santa	Croce.


Chapter Closing 


Starting	 in	 the	16th	century,	 scientists,	 explorers,	 entrepreneurs,	 and	world	 leaders	created	many	of	the	cultural	conditions	that	we	recognize	around	us	today.	Most	vis-ible	was	the	establishment	of	a	global	trade	network	though	maritime	sea	routes,	and	
this	global	commerce	had	a	significant	effect	on	European	culture	by	reshaping	the	way	
people	viewed	the	world	and	their	place	in	it	(Smith	&	Findlen,	2002).	Science	contributed	


Did You Know? Paradise Lost


In 1638, while Galileo was still under house arrest, he was visited by English poet John Milton. This 
visit left such an impression on Milton that he wrote about it in Paradise Lost, most notably in Book 1:


He scarce had ceased when the superior Fiend
Was moving toward the shore; his ponderous shield


Behind him cast; the broad circumference
Hung on his shoulders like the Moon, whose orb


Through optic glass the Tuscan artist views
At evening from the top of Fesole ,


Or in Valdarno, to descry new lands,
Rivers or mountains in her spotty globe.


And Book 5:


From hence—no cloud or, to obstruct his sight,
Star interposed, however small—he sees,
Not unconform to others shining globes,


Earth, and the Garden of God, with cedars crowned
Above all hills; as when by night the glass


Of Galileo, less assured, observes
Imagined lands and regions in the Moon.
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to	the	strength	of	Europe	as	a	whole,	as	it	began	its	era	of	world	colonization.	It	was	in	
this	way	that	science	and	culture	combined,	and	the	result	was	the	Scientific	Revolution.	
Though	Francis	Bacon	discussed	the	revolutionary	nature	of	science	in	the	17th	century,	
historians	only	recently	began	using	this	term.	Herbert	Butterfield	popularized	it	in	his	
1949	book	called	The Origins of Modern Science.	He	made	it	a	central	historical	concept	that	
defined	a	new	course	for	Western	civilization	(Cohen,	1994,	p.	112).	To	him	this	was	an	
era	of	 immense	 importance,	and	he	once	said	 that	 the	Scientific	Revolution	“outshines	
everything	since	the	rise	of	Christianity	and	reduces	the	Renaissance	and	Reformation	to	
the	rank	of	mere	episodes”	(Osler,	2000,	p.	30).


In	this	chapter,	we	saw	not	only	some	of	the	main	causes	of	this	revolution	but	also	the	
people	who	helped	 found	 it.	We	cannot	 say	 that	 science	 today	wouldn’t	 exist	without	
them;	however,	we	can	say	that	they	have	influenced	how	we	see	the	world	through	a	
scientist’s	eyes.
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1473–1543:
Nicolaus


Copernicus


1564–1642: Galileo Galilei


1571–1630:
Johannas Kepler


1546–1601:
Tycho Brahe


Galileo constructs his own telescope in 1609 while
under house arrest and observes the surface of the


moon, the moons of Jupiter, and the phases of Venus.


Astronomer Tycho
Brahe oversees a
team conducting
research on the
Island of Hven.
They make some
of the most accurate
observations of the
moon, planets, and
stars ever recorded.


Copernicus publishes
his new theories of


astronomy in
 De Revolutionibus


(1543). The book
is banned by the
Catholic Church
and is generally
considered the


starting point of
the Scientific


Revolution.


Kepler is a protégé
to Tycho Brahe. His
three laws of planetary
motion are published
in Astronomia Nova
(1609) and Harmonice
Mundi  (1619).
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Timeline 3.1: Contributors to the Scientific Revolution
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Concept Check


1.	 A	number	of	factors	caused	the	Scientific	Revolution.	Which	of	the	following	was	
not	an	example	of	the	cultural	reasons?


	 A.	European	travel
	 B.	 Rejection	of	Greek	ideals
	 C.	 Christianity
	 D.	Freedom	of	thought


2.	 Which	of	the	following	is	least	true	about	women	in	the	Scientific	Revolution?
	 A.	They	used	personal	connections	to	overcome	gender	barriers.
	 B.	 They	received	the	same	notoriety	as	men,	when	they	were	successful.
	 C.	 They	often	contributed	to	the	science	of	female	ailments	and	family	medicine.
	 D.	They	made	rare	contributions	to	physics	and	astronomy.


3.	 As	one	of	the	founders	of	the	Scientific	Revolution,	Copernicus	did	not	argue	
which	one	of	these	ideas?


	 A.	The	Sun	is	at	the	center	of	the	planetary	universe.
	 B.	 Earth	revolves	on	its	axis.
	 C.	 The	distance	from	the	Earth	to	the	Sun	is	small	compared	to	the	stars.
	 D.	Earth	is	the	center	to	only	the	moon.


4.	 Tycho	Brahe	made	significant	contributions	to	the	Scientific	Revolution.	Which	
statement	is	least	true	about	him?


	 A.	He	believed	in	geocentrism.
	 B.	 He	used	advanced	telescopic	technology.
	 C.	He	worked	on	an	island.
	 D.	He	worked	alone.


5.	 Which	scientist	is	most	associated	with	discoveries	made	with	a	telescope?
	 A.	Galileo
	 B.	 Copernicus
	 C.	Kepler
	 D.	Brahe


Answers
1.	B. The	answer	can	be	found	in	Section	3.1,	Causes	of	the	Scientific	Revolution.


2.	B. The	answer	can	be	found	in	Section	3.3.


3.	B. The	answer	can	be	found	in	Section	3.4,	Nicolaus	Copernicus.


4.	D. The	answer	can	be	found	in	Section	3.4,	Tycho	Brahe.


5.	A. The	answer	can	be	found	in	Section	3.4,	Galileo.
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Key Ideas to Remember


•	 Though	there	is	debate	regarding	the	meaning	of	a	“revolution”	in	science,	
the	Scientific	Revolution	defines	a	period	of	remarkable	scientific	change	that	
occurred	roughly	between	1500	and	1700.


•	 Prior	to	this	period,	modern	“science”	did	not	exist,	but	it	arose	during	these	
years	along	with	an	emphasis	on	experimentation.


•	 There	were	four	main	cultural	causes	of	the	Scientific	Revolution:	freedom	of	
thought,	travel	and	intellectual	interaction,	appreciation	of	Greek	views	of	ratio-
nality,	and	Christianity’s	emphasis	on	understanding	God’s	creation.


•	 To	truly	understand	some	of	the	greatest	scientific	minds	in	history	that	lived	
in	this	era,	we	need	to	appreciate	the	culture	of	the	times.	It	was	a	period	that	
brought	change	to	long-standing	beliefs	that	humans	were	the	center	of	creation	
and	that	Earth	was	immobile.


•	 The	Copernican	Revolution	was	not	a	sudden	change	to	a	heliocentric	cos-
mological	philosophy,	but	instead	required	the	continuing	contributions	of	
Brahe,	Kepler,	and	Galileo,	who	worked	for	over	100	years	after	the	death	of	
Copernicus.


•	 During	the	Scientific	Revolution,	the	mechanistic	view	of	the	universe—the	idea	
that	nature	was	a	vast	impersonal	machine—was	the	primary	way	that	scientists	
interpreted	the	world	around	them.


•	 New	technologies	like	telescopes	and	microscopes	played	a	vital	role	in	helping	
scientists	develop	new	theories	during	the	Scientific	Revolution.


Critical Thinking Questions 


1.	 Why	are	the	16th	and	17th	centuries	known	as	the	“incubation	period	of	the	
modern	world”?


2.	 Do	you	think	that	science	can	have	revolutions?	If	so,	which	aspect	of	the	Scien-
tific	Revolution	do	you	find	the	most	revolutionary?


3.	 What	is	the	relationship	between	the	“death	of	nature”	and	the	founders	of	the	
Scientific	Revolution?


4.	 In	what	ways	have	the	results	of	the	Scientific	Revolution	shaped	our	views	of	
the	cosmos	today?	What	other	results	of	it	still	impact	our	lives?


5.	 Which	of	the	experiments	described	in	this	chapter	seem	to	have	the	greatest	
significance	and	why?


6.	 If	you	could	go	back	in	time	and	meet	someone	who	lived	during	the	Scientific	
Revolution	that	we	discussed	in	this	chapter,	who	would	it	be	and	why?
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Key Terms to Remember


Cartesian deduction First	formulated	by	
Descartes.	This	began	with	a	theory	and	
from	there	moved	toward	the	collection	
of	facts	or	observations	that	might	prove	
or	disprove	it.	This	process	is	known	as	
deductive	reasoning.


Cartesian dualism	 Proposed	by	Descartes.	
It	meant	that	there	were	just	two	sub-
stances	of	reality—spirit	(res cogitans)	and	
matter	(res extensa).	These	were	entirely	
separate	entities	and	never	combined.	
This	was	necessary	for	a	mechanistic	
philosophy,	because	by	removing	mind	or	
spirit	from	nature,	what	remained	was	an	
unthinking	matter	that	scientists	could	 
dissect	and	define.


celestial mechanics	 The	study	of	the	
motion	of	objects	in	space.


Copernican model The	idea	that	
the	Earth	revolves	around	the	Sun,	
as	suggested	by	Copernicus.	See also 
heliocentrism.


Galilean moons The	moons	that	revolve	
around	Jupiter,	named	for	their	discoverer,	
Galileo.


geocentrism The	belief	that	the	Earth	is	
at	the	center	of	the	universe	and	the	sun	
revolves	around	it.


heliocentrism	 The	belief	that	the	Sun	is	
at	the	center	of	the	universe	and	the	Earth	
revolves	around	it.


induction A	method	to	uncover	the	secrets	
of	the	universe	by	starting	with	no	precon-
ceived	notions	and	then	gathering	as	much	
data	as	possible	about	any	given	phenom-
enon	under	study.	Through	the	exhaustive	
collection	of	facts,	theories	would	emerge.


kinematics The	study	of	motion.


microscope	 A	device,	first	used	during	
the	Scientific	Revolution,	that	enabled	the	
magnification	of	very	small	organisms.


retrograde motion	 Early	astronomers	
had	a	problem	with	this	heavenly	motion,	
which	was	the	apparent	slowing	down,	
stopping,	and	reversing	of	direction	of	the	
planets	from	observations	on	Earth.


Scientific Revolution The	period	from	
roughly	1500	to	1700	which	resulted	in	dra-
matic	scientific	achievements.	A	“scientific	
revolution”	is	a	period	in	which	such	a	sig-
nificant	scientific	achievement	takes	place	
that	it	fundamentally	changes	the	view	of	
humanity,	the	Earth,	and	the	cosmos.


teleology A	philosophical	perspective	
which	holds	that	nature	has	a	purpose	
and	that	there	is	an	ultimate	reason	for	its	
existence.


telescope A	critical	device	for	investigat-
ing	the	stars	and	planets.	Galileo	was	the	
first	to	make	practical	use	of	it.


thermometer	 An	instrument	which	gives	
a	numerical	value	to	temperature.
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