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The Enlightenment


Learning Objectives 


Upon completion of Chapter 5, you will be able to:


•	 Explain	the	cultural	and	scientific	meanings	of	the	Enlightenment	in	the	18th	century.


•	 Describe	the	categories	of	science	and	the	significance	of	specialization.


•	 Understand	the	Chemical	Revolution	and	name	the	chemists	involved	in	it.


•	 Recognize	how	science	demonstrations	were	held	and	how	public	involvement	in	science	
grew	during	the	Enlightenment.
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CHAPTER 5Section 5.1 Defining the Enlightenment


Introduction


The	18th	and	19th	centuries	were	remarkable	eras	in	which	the	entire	scientific	enter-prise	became	more	organized,	specialized,	and	popularized.	During	that	time,	there	was	also	a	significant	cultural	shift	that,	in	many	ways,	took	scholars	away	from	
traditional	religious	views	of	creation	to	views	that	placed	humankind	within	the	ani-
mal	kingdom.	One	of	the	central	themes	during	these	two	centuries	was	a	response	to	
the	threats	and	opportunities	posed	by	a	growth	of	scientific	information	(Bowles,	1999).	
The	concern	was	that,	with	so	much	information,	called	information	overload	today,	indi-
viduals	would	be	unable	to	organize,	understand,	and	contribute	to	it.	The	opportunity	
was	that	information	growth	was	an	important	indicator	of	progress,	as	new	knowledge	
equated	to	a	more	thorough	understanding	of	the	human	condition.	In	the	18th	century	
specific	examples	of	this	conflict	were	the	emergence	of	specialized	scientific	disciplines	
(for	example,	chemistry)	and	the	production	of	a	vast	encyclopedia	by	authors	who	hoped	
to	organize	and	disseminate	the	knowledge	in	all	fields.	In	the	19th	century	knowledge	
continued	to	grow	at	a	fast	pace,	and	the	result	was	the	rise	of	professional	societies	that	
controlled	the	scientific	specializations.	Members	were	university-trained	“professionals,”	
and	as	they	became	the	new	“experts,”	amateur	scientists	for	the	most	part	faded	away.	
This	professionalization	of	science	dominates	scientific	activity	today.	In	this	chapter	we	
will	be	focusing	our	attention	on	the	18th	century,	often	called	the	Enlightenment,	which	
witnessed	the	emergence	of	scientific	specialization,	the	transformation	of	private	science	
into	a	public	spectacle,	and	the	establishment	of	a	“revolution”	in	chemistry.


5.1 Defining the Enlightenment


“We	are	living	in	an	age	of	enlightenment.”
—Immanuel	Kant


Many	others	shared	Kant’s	enthusiasm	for	this	era,	and	while	he	provided	the	lasting	name	for	this	age,	ironically,	it	was	France,	not	Germany,	that	became	its	intellectual	center.	The	French	called	it	the	siècle de lumière,	or	the	“century	
of	light,”	which	alluded	to	the	idea	that	human	knowledge	and	reason	had	the	power	to	
illuminate	a	road	of	progress	to	an	ever-improving	future	(Golub,	1997).	These	French	
thinkers	also	gave	themselves	a	new	name—philosophes—which	is	loosely	translated	in	
English	as	“philosophers,”	but	a	better	meaning	is	“enlighteners.”


The	Enlightenment,	also	known	as	the	Age	of	Reason,	developed	in	Western	Europe	in	
the	18th	century	and	quickly	spread	to	the	American	colonies.	It	 is	important	to	note	
that	using	terms	like	light	to	describe	the	18th	century	should	not	imply	that	there	was	a	
cultural	“darkness”	in	the	eras	that	preceded	it.	Though	some	of	this	age	suggested	that	
they	attained	progress	by	overcoming	the	superstition	and	tradition	of	the	past,	there	was	
a	great	deal	of	inspiring,	passionate,	and	revolutionary	thinking	for	two	millennia.	What	
made	the	emphasis	on	reason	and	progress	in	the	18th	century	any	different	from	that	of	
the	eras	that	came	before	it?	Why	was	the	18th	century	alone	known	as	the	Enlightenment?	
In	many	ways	the	Enlightenment	thinkers	did	lay	the	foundations	for	our	modern	culture.	
More	specifically	we	can	see	this	in	the	development	of	science	and	in	how	scientists	and	
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philosophers	attempted	to	expand	and	control	a	growing	body	of	knowledge	and	direct	it	
toward	the	overall	“progress”	of	humankind.


Enlightenment Values 


Although	there	is	not	one	specific	Enlightenment	philosophy,	we	can	identify	some	con-
sistent	values	that	influenced	society	at	this	time.	These	included	the	belief	in	human	
potential	and	perfectibility—qualities	that	could	be	gained	through	the	cultivation	of	rea-
son.	Along	with	this	optimistic	belief	was	the	idea	of	progress.	In	the	18th	century,	indi-
viduals	became	convinced	that,	through	their	own	efforts,	they	could	extend	not	only	
their	understanding	of	the	natural	world	but	their	understanding	of	themselves	and	their	
social	world	as	well.


Such	ideas	challenged	traditional	religious	doctrines—in	particular,	the	idea	that	human-
kind	was	essentially	flawed	because	of	original	sin.	Philosophers	now	argued	that	human	
beings	were	born	naturally	good	(or	at	least	neutral)	and	that	any	evil	they	exhibited	
was	due	to	the	social	environment	in	which	they	lived.	Moreover,	people	could	improve	
themselves	by	acquiring	knowledge.	Again,	in	contrast	with	the	biblical	story	in	which	
Eve	sinned	by	obeying	the	evil	serpent	and	ate	the	apple	from	the	tree	of	knowledge,	the	
mastery	of	nature	in	the	18th	century	was	the	surest	sign	of	human	progress.	This	meant	
that	education	was	important—and	that	it	should	be	available	to	all.


Replacing	a	more	traditional	Christian	theology	was	the	Enlightenment	idea	of	deism, 
which	was	a	natural	religion	that	presented	an	alternative	to	Protestantism	and	Roman	
Catholicism.	Deriving	from	the	Latin	word	deus,	meaning	“god,”	deism	was	a	theological	
concept	in	which	God	created	the	universe	and	all	things	in	it	at	one	point	in	time	and	
then	stepped	aside	to	watch	the	creation	without	intervening	in	its	development.	The	
often-used	analogy	is	that	of	God	as	a	“watchmaker.”	The	person	who	designs	and	builds	
a	watch	creates	the	wheels	and	gears,	winds	it	up,	and	then	lets	it	work	until	it	dies.	This	is	
how	the	deists	conceived	of	God’s	place	in	the	universe.	Voltaire	was	one	of	the	most	well	
known	of	the	deists,	as	he	converted	to	this	belief	while	in	England,	where	he	attacked	the	
Catholic	Church.	Like	him	many	philosophes supported	deistic	beliefs	as	a	main	compo-
nent	of	their	philosophy.	This	even	spread	to	the	American	revolutionaries	in	the	United	
States	such	as	Benjamin	Franklin,	George	Washington,	and	Thomas	Jefferson,	who	sup-
ported	deistic	ideals	such	as	the	separation	of	church	and	state	(Wilson	&	Reill,	2004).


This	was	also	an	age	in	which	it	was	believed	that	science	could	eradicate	superstition.	
After	all,	Newton	had	shown	that	nature	operated	rationally	and	in	an	orderly	manner.	
Why,	then,	would	it	not	be	possible	for	people	in	society	to	act	rationally	and	in	an	orderly	
manner	as	well?	“Enlightening”	the	individual	became	not	only	a	possibility	but	a	man-
date	if	one	was	to	create	an	ideal	society.	These	and	other	ideas	of	the	philosophes, which 
emphasized	the	potential	of	the	individual,	have	been	said	to	have	inspired	the	French	
Revolution,	even	though	the	philosophes themselves	did	not,	in	general,	play	an	active	role	
in	that	event.


The	late	18th	century	was	also	a	time	of	economic	success—from	advances	in	technology	
that	led	to	industrialization,	to	new	markets	resulting	from	colonization,	and	to	social	
mobility	leading	to	the	rise	of	a	prosperous	middle	class.	Science,	which	was	viewed	as	
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the	vehicle	by	which	human	progress	could	be	attained,	can	be	considered	a	catalyst	for	
much	of	this	material	success,	just	as	it	served	as	the	catalyst	for	the	belief	that,	through	
reason,	human	perfectibility	was	possible.	This	striving	for	perfection	was	sometimes	
more	easily	said	than	done.	One	of	the	first	problems	was	that	in	the	process	of	generating	
a	wealth	of	new	knowledge,	philosophers	and	general	scientists	grew	alarmed	that	they	
might	be	drowning	their	own	voices	with	too	much	information.


What	happens	when	you	have	too	much	information	to	study	for	a	test?	One	strategy	is	
to	essentially	divide	and	conquer	by	making	outlines,	grouping	similar	ideas	together,	
and	then	segmenting	the	information	into	smaller	units.	In	a	much	larger	sense	this	is	
exactly	what	was	happening	on	a	global	scale	during	the	Enlightenment.	We	sometimes	
refer	to	this	as	the	great	Enlightenment	project.	One	historian	characterized	this	project	
as	an	idea	to	“use	the	accumulation	of	knowledge	generated	by	many	individuals	work-
ing	freely	and	creatively	for	the	pursuit	of	human	emancipation	and	the	enrichment	of	
daily	life”	(Harvey,	2004,	p.	12).	If	the	products	of	these	minds—information	contained	in	
printed	works—could	not	be	controlled,	the	Enlightenment	project	itself—the	belief	that	
society	was	progressing	to	greater	intellectual	heights—was	at	risk.	Too	much	informa-
tion	might	overwhelm	the	metaphorical	tower	of	knowledge,	and	it	could	come	crashing	
down	because	of	an	inability	to	organize	it.	France’s	greatest	intellects	confronted	the	
problem.	What	might	these	scholars	do	to	overcome	this	problem?	They	built	the	largest	
encyclopedia	the	world	had	ever	known.


The Encyclopédie


Today	the	Internet	is	our	vast	storehouse	of	our	information,	and	Wikipedia	has	become	a	
repository	of	basic	knowledge.	The	term	Wikipedia	combines	the	idea	of	a	wiki,	or	a	shared	
and	collaborative	tool,	with	pedia,	which	is	a	reference	to	an	encyclopedic	organization	of	
facts.	Ours	is	not	the	only	century	to	dream	of	this	type	of	project,	and	one	of	the	most	
significant	precedents	was	the	Encyclopédie	in	the	Enlightenment.


Philosophes Denis	Diderot	(1713–1784)	and	Jean	d’Alembert	(1717–1783)	coordinated	the	
massive	project,	subtitled	a	Systematic Dictionary of the Sciences, Arts, and Crafts, between 
1751	and	1772.	Diderot	and	d’Alembert	enlisted	contributions	from	160	specialists	and	
experts	in	various	fields	(Gaukroger,	2010).	For	example,	Diderot	himself	wrote	on	the	
“mechanical	arts,”	Baron	d’Holbach	on	chemistry,	Jean-Baptiste	de	La	Chapelle	on	math-
ematics,	and	Anne	Robert	Jacques	Turgot	on	physics.	However,	the	project	was	not	just	a	
compendium	on	science	as	they	included	other	authors	such	as	Voltaire	who	wrote	on	his-
tory	and	philosophy.	The	most	prolific	of	the	authors	was	Louis	de	Jaucourt	(1704–1779)	
who	wrote	a	quarter	of	all	the	entries,	at	a	pace	of	several	per	day	(Edelstein,	2010,	p.	146).	
In	total	the	Encyclopédie	comprised	35	volumes,	with	over	70,000	articles,	and	over	3,000	
illustrations.	It	was	the	most	remarkable	organized	cultural	compendium	of	knowledge	
the	world	had	seen.
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The	very	first	illustration,	the	frontispiece	of	the	volumes,	was	a	drawing	by	Nicholas	
Cochin-le-Fils,	which	was	described	by	Diderot	as	follows:


The	philosophers	have	their	own	eyes	fixed	on	Truth;	vain	Metaphysics	
tries	less	to	see	her	than	to	guess	her.	Theology	turns	her	back	to	her,	wait-
ing	for	the	light	on	high.	(Riskin,	2002,	p.	xvi)


This	single	quotation	captures	the	spirit	of	the	times	in	a	dramatic	way.	Truth	was	the	ulti-
mate	quest,	and	the	philosophes believed	that	they	were	making	progress	toward	“unveil-
ing”	it,	or	learning	the	objective	secrets	of	nature.	In	their	opinion	science	was	the	way	to	
achieve	truth	because	theology	“turns	her	back”	to	it.


At	the	beginning	of	the	18th	century,	there	were	no	specialized	scientific	disciplines	yet,	
even	though	the	17th	century	had	produced	many	individuals	who	made	many	new	and	
intriguing	speculations	about	the	world.	The	sheer	quantity	of	information	disseminated	
was	impressive,	even	though	practical	applications	based	on	this	knowledge	were	few.	It	
was	as	if	an	information	glut	had	rapidly	occurred	that	required	time	to	be	sorted	out.	As	
all	this	new	information	was	being	sorted	out,	specific	areas	of	scientific	interest	began	to	
emerge,	each	with	its	own	particular	set	of	methodologies	and	goals.	From	this	we	can	
identify	the	beginnings	of	differentiated	scientific	disciplines.


5.2 The Categories of Science


As	historian	Thomas	Hankins	suggested,	“The	creation	of	the	new	scientific	dis-ciplines	was	probably	the	most	important	contribution	of	the	Enlightenment	to	the	modernization	of	science,	and	one	that	we	might	easily	overlook”	(1985,	p.	
11).	One	of	the	central	reasons	for	this	was	the	necessity	of	managing	the	growth	of	infor-
mation.	Advances	in	all	areas	of	science	were	becoming	too	great	for	any	one	person	to	
master.	Therefore,	to	maintain	the	path	of	progress,	the	only	alternative	was	for	individu-
als	to	specialize	in	narrower	scholarly	investigations.	As	scientific	and	other	disciplines	
advanced	 over	 the	 next	 two	 centuries,	 specialization	 became	 ingrained	 into	 the	 very	
nature	of	intellectual	pursuit.


Mathematical Analysis


The	study	of	mathematics	reached	a	turning	point	early	in	the	Enlightenment.	It	began	
with	the	extension	of	the	mechanical	philosophy	and	mathematics	of	the	17th	century	
which	explained	the	natural	world	in	terms	of	motion	and	parts	of	matter.


As	we	have	already	discussed,	Newton	and	Leibniz	created	calculus	(see	Section	4.4)	to	deal	
with	the	problem	of	motion.	All	mathematical	techniques	of	this	time	were	in	response	to	
the	problems	posed	by	mechanics	with	questions	such	as	how	to	mathematically	describe	
objects	moving	on	Earth	or	in	the	universe.	For	example,	Newton	tested	his	calculus	with	
his	predictions	of	the	shape	of	the	Earth,	the	motion	of	the	Moon,	and	the	return	of	Halley’s	
comet.
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This	 comet	 was	 named	 for	 English	
astronomer	 Edmond	 Halley	 (1656–
1742),	 who	 calculated	 its	 orbits	 in	
1531,	 1607,	 and	 1682	 with	 assistance	
from	his	friend	Newton.	The	two	soon	
realized	 that	 the	 orbits	 were	 nearly	
identical,	and	this	led	them	to	predict	
that	the	next	return	would	be	in	1758.	
Though	 Halley	 had	 died,	 when	 the	
comet	did	indeed	return	on	Christmas	
night	 in	1758,	 the	astronomical	com-
munity	named	it	in	his	honor.	With	its	
extremely	long	elliptical	orbit,	 it	was	
the	 first	 comet	 to	 become	 an	 official	
part	of	our	solar	system	(Zeilik 2001,	
p.	234).	Most	importantly,	the	correct	
predictions	 of	 these	 events	 increased	
confidence	 in	 the	 role	 of	 mathemat-
ics	in	celestial	mechanics	and	aroused	
general	interest	in	the	field	of	science.


Experimental Physics


Experimental	 physics	 was	 another	 field	 in	 which	 practitioners	 attempted	 to	 discover	
the	laws	governing	the	inorganic	world.	Starting	in	1720,	experimental	physics	included	
investigations	into	heat,	light,	magnetism,	and	electricity.	Scientists	used	these	subtle flu-
ids	to	explain	the	phenomena	of	electricity,	gravity,	magnetism,	and	heat.	This,	in	turn,	
enabled	the	scientists	to	attempt	to	quantify	and	measure	what	they	observed.	Scientists	
used	these	subtle	fluids,	in	general,	to	quantify	experimental	physics,	which	was	an	essen-
tial	element	of	Enlightenment	science.


Of	all	the	subtle	fluids,	electricity	and	heat	caused	the	most	excitement.	Important	advance-
ments	 in	electricity	 included	those	 from	the	following	three	English	scientists:	Robert	
Boyle,	who	investigated	electricity	in	a	vacuum;	Francis	Hauksbee	(1666–1713),	who	in	
1705	researched	electrical	light	in	a	barometer;	and	Stephen	Gray	(1666–1736),	who	in	1729	
investigated	communication	of	electricity	at	a	distance,	or	why	down	feathers	adhered	
to	electrical	tubes	(Heilbron,	1979).	Advancements	in	heat	included	the	1742	creation	of	
Swedish	astronomer	Anders	Celsius	(1701–1744):	his	centigrade	temperature	scale.


Edmond Halley was able to calculate the orbits of the 
comet bearing his name by using Newton’s calculus. 
Pictured is a 16th-century drawing of the comet passing 
over a village.


Photos.com/Thinkstock
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Natural History


Natural	history	was	another	vital	
category	of	science	and	found	a	
rebirth	during	the	early	Enlight-
enment	 because	 many	 thought	
God	 could	 be	 known	 only	 by	
studying	 nature.	 This	 was	 pri-
marily,	 as	 its	 name	 suggested,	
an	investigation	of	nature,	seek-
ing	to	describe	and	classify,	not	
search	for	causes.	One	of	the	most	
significant	 examples	 of	 natural	
history	was	the	36-volume	 His-
toire Naturelle (Natural History)	
written	between	1749	and	1788	
by	George	Buffon	(1707–1788).


Buffon	was	a	French	naturalist	
and	mathematician	who	devel-
oped	 theories	 about	 the	 Earth	
and	human	origins.	He	devoted	
12	volumes	to	quadrupeds,	including	comparative	anatomies	on	a	variety	of	animals,	and	
another	9	volumes	to	the	anthropology	of	racial	and	cultural	differences.	He	concluded	
with	what	became	one	of	the	first	accounts	of	the	transformation	of	Earth	itself	over	time	
(Stalnaker,	2010).	As	yet	another	example	of	the	growth	of	knowledge	in	the	Enlighten-
ment,	natural	history	was	soon	too	large	a	category	and	required	its	own	specializations	
of	experimental	physiology,	biology,	geology,	and	botany.


Experimental Physiology and Biology


Experimental	physiology	arose	in	the	1740s	and	attempted	to	describe	the	human	body	with	
the	concepts	of	growth,	nutrition,	and	regeneration.	While	biology	did	not	become	a	sepa-
rate	discipline	until	the	end	of	the	18th	century,	its	beginnings	lay	in	experimental	physiol-
ogy.	Its	practitioners	focused	primarily	on	questions	related	to	the	relationship	between	the	
ovary	and	the	sperm	as	well	as	parthenogenesis,	which	was	asexual	reproduction.


Along	with	parthenogenesis,	preformation	was	another	topic	of	experimental	physiol-
ogy.	This	was	the	idea	that	the	embryo	was	a	completely	formed	animal	(or	human)	only	
needing	to	grow.	However,	the	question	was,	Did	the	“preformed”	individual	reside	in	
the	egg	or	the	sperm?	The	ovists	claimed	it	was	the	egg,	and	the	animalculists	said	it	was	
the	sperm.	An	entirely	different	theory	was	that	of	epigenesis.	Its	proponents	said	that	life	
began	from	an	unformed	mass	and	that	an	extraneous	force	known	as	vis essentialis	trans-
formed	it	into	a	fully	formed	offspring.	Ultimately	the	epigenesists	won	the	controversy	
in	the	18th	century	when	scientists	using	advanced	microscopes	could	not	find	preformed	
beings.	However,	the	true	answer	did	not	come	until	the	advent	of	modern	genetics	in	the	
20th	century	(Mayr,	1998).


A tapir from Histoire Naturelle. 


Image copyright lynea, 2014. Used under license from Shutterstock, Inc.
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Biographical Spotlight: Nicolaas Hartsoeker and Preformation


Nicolaas Hartsoeker (1656–1725) was a Dutch astrono-
mer, optics manufacturer, and naturalist. He also made 
a major contribution to embryology: He claimed to be 
the first to see human sperm cells under a microscope. 


Hartsoeker’s work in embryology was a result of his 
interest in creating magnifying lenses for microscopes. 
He claimed to have observed sperm cells in 1674, but 
first assumed that the wriggling little cells were a type 
of parasitic animalcule, the term at the time for what 
we now call protozoa. He did not look at semen again 
for three years, and when he once more observed the 
strange little cells, he asked his mentor Christian Huy-
gens and his mathematics tutor to look at his samples 
as well. From these observations, he drew his sketch of 
the homunculus, a tiny preformed human he believed 
to exist in the head of spermatozoa. 


However, in the text surrounding the sketch in Diop-
trique, Hartsoeker said he did not actually observe the 


“petit l’enfant” and was suggesting instead that this is what could be seen were there a way to peer 
inside the sperm. 


Hartsoeker became an outspoken proponent of the spermist version of preformation theory, in 
which each new life-form exists fully formed though extremely tiny in the spermatozoa of its father. 
His reasons for adopting spermism over the competing preformationist ovist view, other than a cer-
tain degree of bias due to his discovery of sperm in the first place, revolve mainly around the lack of 
proof that eggs exist in the female prior to fertilization. Further, for Hartsoeker and other spermists, 
the mere existence of the wriggling animals in semen indicated that they must have an important 
purpose in the conception of offspring. Having already accepted preformationism, Hartsoeker 
believed that the homunculus must exist within the sperm. 


Hartsoeker’s views evolved to answer the objections raised by other philosophers and biologists 
of the time that spermism necessarily implied a very wasteful God who had created millions of ani-
mals and humans that would never be born. Hartsoeker was one of the originators of an idea called 
panspermism, which addressed the problem of wastefulness by suggesting that the unused sperm 
turn into small particles that float through the air until they are recycled back into sperm. He later 
rejected this idea and turned instead to a concept in which an intelligent force within each male 
animal creates the homunculus within the sperm. However, Hartsoeker was ultimately never able to 
fully reconcile the philosophical problems presented by preformationism. Like many other spermist 
preformationists, he eventually fell back on the explanation that wastefulness is often observed in 
nature and should not seem out of place in humans.


Nicolaas Hartsoeker, as one of the originators of spermist preformationism, had a lasting impact 
on the field of embryology despite it not being his main area of academic pursuit. His ideas are still 
taught as part of the history of embryology and natural science, and his sketch of the homunculus 
remains a highly recognizable symbol for this period of scientific work.


Source: Adapted from C. R. Lawrence (2008), “Nicolaas Hartsoeker,” Embryo Project Encyclopedia.
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Geology


Like	biology,	geology	emerged	as	a	distinct	scientific	discipline	at	the	end	of	the	18th	
century	with	the	contrasting	theories	of	German	geologist	Abraham	Werner	(1749–1817)	
and	Scottish	geologist	James	Hutton	(1726–1797).	Werner	and	his	followers	were	called	
Neptunists,	and	they	adopted	the	theory	of	catastrophism,	which	stated	that	the	Earth	
and	all	its	features	were	created	by	a	series	of	catastrophic	events	at	the	beginning	of	cre-
ation.	Neptune	was	the	mythological	god	of	the	sea,	and	Neptunists	believed	that	water	
played	an	essential	role	as	the	agent	of	geological	change;	this	belief	explained	why	they	
could	not	see	mountain	ranges	or	oceanic	basins	being	created.	Werner	attempted	to	fit	
geologic	time	into	a	chronology	based	on	an	in-depth	study	of	humans’	existence	starting	
with	Adam	and	Eve.	He	concluded	the	Earth	was	about	6,000	years	old.	Catastrophism	
offers	a	prime	example	of	culture	influencing	science	as	religious	ideas	were	read	into	the	
geological	record.	As	we	will	see	in	a	later	section	on	religion	and	science,	this	“young	
Earth”	idea	is	still	accepted	by	many	today.


In	contrast,	Hutton	had	a	deep	passion	for	rocks,	and	he	could	not	believe	that	the	phe-
nomena	he	observed,	such	as	irregular	strata	in	rock	formations,	could	have	happened	
so	quickly	(Baxter,	2003).	Hutton	believed	in	a	uniformitarian theory of	slow	change	
over	time,	in	fact,	billions	of	years.	Hutton	believed	that	the	reason	we	do	not	see	moun-
tain	formation	and	oceanic	basin	creation	today	is	not	because	they	are	not	occurring	
but,	 rather,	 because	 such	 changes	 occur	 slowly.	
Therefore,	over	many,	many,	many	generations	the	
results	of	these	changes	will	be	seen.	He	proposed	
that	heat,	as	demonstrated	in	the	action	of	volca-
noes,	was	the	primary	force	that	shaped	the	Earth.	
Thus	he	and	his	followers	were	called	Vulcanists.	
Eventually	the	Vulcanists	amassed	more	evidence	
for	 Hutton’s	 theories,	 the	 scientific	 community	
agreed,	and	Hutton	became	known	as	the	founder	
of	modern	geology.	Here,	we	see	an	example	of	sci-
ence	 influencing	 culture	 as	 Hutton	 and	 his	 ideas	
challenged	religious	ideology.


Botany


Botany	emerged	in	the	18th	century	as	an	attempt	to	
find	a	natural	system	of	classification	for	plants	and	
animals.	Swedish	botanist	Carl	Linnaeus	(1707–1778)	
was	the	most	prolific	botanist	of	his	day.	He	used	char-
acteristics	of	fructification	to	classify	plants.	This	term	
described	 the	 generative,	 or	 reproductive,	 parts	 of	
plants,	such	as	flowers	and	fruits,	in	contrast	to	the	veg-
etative	parts,	which	included	leaves,	roots,	and	trunks.	
Another	of	Linnaeus’s	contributions	was	the	naming	
of	all	plants	through	his	invention	of	binomial	nomen-
clature	using	two	Latin	names.	The	first	describes	a	
plant’s	or	animal’s	genus,	and	the	second	its	species.	
For	example,	Bellis perennis	is	the	lawn	daisy.


Engraving of Carl Linnaeus.


Photos.com/Thinkstock
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5.3 The Chemical Revolution


Of	all	the	areas	of	scientific	investigation,	chemistry	was	the	least	codified	at	the	beginning	of	the	18th	century.	By	the	end	of	the	century,	however,	chemists	had	developed	their	own	scientific	 language	and	concepts,	and	this	is	why	modern	
authors	have	traditionally	considered	chemistry	to	have	undergone	a	“revolution”	during	
the	18th	century.	However,	what	we	today	call	“chemistry”	did	not	develop	out	of	a	single	
tradition.	Alchemy,	pharmacy,	medicine,	and	metallurgy	all	dealt	with	chemical	manipula-
tions,	but	there	was	no	coordination	among	these	areas	of	inquiry,	no	consistent	contact	or	
communication	among	practitioners	and	investigators,	and	little	or	no	standard	language	
to	describe	chemical	substances	and	processes.	In	fact,	alchemists	worked	hard	to	keep	their	
findings	secret	and	used	esoteric,	often	metaphorical	language	among	themselves	so	that	


the	processes	they	used	and	the	results	they	obtained	
would	not	be	deciphered	by	the	uninitiated.


There	were	also	significant	differences	in	the	goals	of	
the	various	practitioners	of	the	“chemical	arts.”	Phy-
sicians	 and	 apothecaries	 aimed	 to	 improve	 health	
through	drug	therapies.	Some	alchemists	also	inves-
tigated	drugs,	but	their	goal	was	to	find	the	elixir	of	
life	that	would	produce	immortality.	Metallurgists,	
who	were	craftsmen,	had	their	own	practical	set	of	
skills	and	goals.	They	learned	their	craft	via	appren-
ticeship,	observing	and	copying	the	techniques	of	the	
master	craftsmen	who	taught	them,	but	not	focus-
ing	much,	 if	at	all,	on	the	question	of	why	certain	
operations	produced	certain	outcomes.	They	simply	
wanted	to	make	a	product	with	desired	qualities	that	
could	be	used	for	a	specific	purpose.


All	these	traditions	had	in	common	their	ability	to	
devise	processes	and	techniques	to	achieve	their	var-
ious	goals.	This	practical	knowledge	formed	a	foun-
dation	of	technique,	along	with	an	eye	for	precision,	
that	was	to	influence	all	later	work	in	chemistry.


Chemists	 in	 the	 19th	 century	 questioned	 some	 of	
these	theories.	For	example,	by	the	early	19th	century,	
Humphry	 Davy	 refuted	 the	 idea	 that	 oxygen	 was	
necessary	for	acid	production.	Davy	also	performed	
detailed	 experiments	 to	 isolate	 other	 elements,	 for	
example,	potassium,	which	he	was	able	to	obtain	by	
running	an	electric	current	through	potash.


An	English	chemist,	John	Dalton	(1766–1844),	resurrected	the	atomic	theory	and	thus	pro-
vided	a	concrete	and	physical	definition	of	elements	which	was	never	clear	in	the	first	place	
and	did	not	directly	lead	to	a	cogent	theory	of	the	elements.	Dalton	maintained	that	each	ele-
ment	had	a	unique	atom	associated	with	it.	This	idea	was	productive	in	that	it	led	to	research	
on	how	the	various	elements	related	to	each	other.	Work	throughout	the	19th	century	explored	
similarities	of	elemental	properties	and	finally	led	to	the	creation	of	the	periodic	table.


A page of John Dalton’s 1808  
“A New System of Chemical 
Philosophy”. Atoms of different 
elements were represented by 
symbols, and their relative atomic 
weights were compared to hydrogen 
as units by the numbers shown. 
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By	the	mid-1700s	an	evolution	in	chemis-
try	was	under	way.	Investigators	now	had	
laboratory	equipment	to	collect	and	mea-
sure	 gases,	 and	 they	 even	 had	 a	 theory	
that	could	be	used	to	explain	their	findings	
and	communicate	with	others.	They	had	
largely	abandoned	the	esoteric	and	meta-
phorical	 explanations	 of	 the	 alchemists	
and	were	attempting	to	bring	knowledge	
of	chemical	change	into	the	broader	arena	
of	 experimental	 science,	 which	 valued	
replicable	 experiment	 and	 progressive	
discovery.	 Chemical	 experiment	 during	
the	Enlightenment	typically	involved	the	
heating	 of	 substances,	 and	 some	 early	
18th-century	 investigators,	 like	 Stephen	
Hales,	developed	ways	to	examine	“airs”	
given	off	when	solid	and	liquid	substances	
were	heated.	Hales	invented	and	utilized	
a pneumatic trough to	collect	and	mea-
sure	gases	in	his	experiments.	This	appa-
ratus	gave	chemical	investigators	a	much	better	method	of	studying	gases.	Hales	also	
provided	the	idea	that	“air”	abounds	in	animal,	vegetable,	and	mineral	substances	and	is	
given	off	during	heating.	Others	took	up	this	idea	of	a	heat	substance	and	attempted	to	
understand	the	process	of	combustion	more	fully.	Much	work	was	needed,	however,	to	
provide	the	specifics.	Pneumatic	chemists	credited	for	helping	to	provide	these	specifics	
include	Joseph	Black,	Henry	Cavendish,	and	Joseph	Priestley.


Joseph Black


Scottish	physician	Joseph	Black	(1728–1799)	was	among	the	earliest	chemists	to	provide	more	
detailed	information	on	the	chemistry	of	gases;	he	performed	a	number	of	experiments,	
including	the	isolation	of	“fixed	air,”	or	carbon	dioxide.	In	the	17th	century,	Van	Helmont	
had	isolated	this	gas	also,	but	his	explanations	were	vitalistic	and	mystical	and	did	not	spur	
others	to	expand	upon	his	work.	In	1754,	however,	Black	maintained	that	this	“fixed	air”	was	
different	from	regular	air	in	its	chemical	properties	and	noted	that	it	could	be	created	by	the	
decomposition	of	a	mineral,	calcium	carbonate,	as	well	as	by	combustion	and	fermentation.	
He	further	noted	that	calcium	oxide	could	be	converted	back	into	calcium	carbonate	by	expo-
sure	to	the	air	and	concluded	that	carbon	dioxide	must	be	a	component	of	the	atmosphere.


Henry Cavendish
Black’s	work	became	well	known,	and	other	British	chemists	were	attracted	to	the	study	of	
gases.	In	1766	British	scientist	Henry	Cavendish	(1731–1810)	discovered	hydrogen.	He	named	
it	“inflammable	air,”	and,	because	it	was	highly	flammable,	he	assumed	he	had	isolated	actual	
phlogiston.	By	1784,	he	was	also	able	to	demonstrate	that	hydrogen,	upon	burning,	produced	
water.	He	concluded	that	the	airs	he	examined	contained	water	modified	by	phlogiston.	
Nonetheless,	the	work	being	done	in	his	and	others’	experimental	investigations	began	to	
reveal	that	the	traditional	notion	of	four	elements	was	less	useful	than	previously	thought.


This illustration shows Joseph Black giving a 
chemistry lecture.
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Phlogiston: The Usefulness of an Incorrect Theory


In 1669 Johann Becher, a German alchemist and physician with an interest in metallurgy, suggested 
that matter was made up of air, water, and three types of earth, identified as “vitrifiable,” “mercurial,” 
and “combustible.” He maintained that when substances were burned, the combustible earth was 
released. At the beginning of the 18th century, Georg Stahl turned Becher’s views into a coherent 
theory. He called the combustible element within substances “phlogiston” and maintained that 
it was this subtle material that was released during combustion. He believed that phlogiston was 
absorbed into the air, which gradually loses its elasticity when it becomes so saturated with phlo-
giston that it can hold no more. Once elasticity is lost, combustion ends, leaving the ash of the sub-
stance burned. Stahl considered the ash to be the “pure” form of the substance.


This theory was a way to explain chemical change. It also caught the attention of metallurgists, who 
were particularly interested in obtaining pure metals. However, there was a problem. In the case 
of metals, the ash, or calx, was considered to be the original, true metallic material. However, when 
metals underwent combustion, the calx that remained weighed more than the original metal before 
combustion. How could this be? If phlogiston was released, the calx should weigh less.


Since the phlogiston theory seemed otherwise consistent with what was observed—and since it could also 
be used to explain other chemical processes, such as the rusting of metals—those who were committed to 
the theory devised another explanation. They said that phlogiston, unlike every other substance in nature, 
had “negative weight.” When a substance lost its phlogiston, the resulting substance could then weigh more 
than it had originally. Armed with this theory, which allowed investigators to use a common language to 
explain their findings, interest in pneumatic chemistry blossomed in the mid-18th century.


Reflective Question:


1. Why do you think people were so anxious to save the phlogiston theory and accept such notions? 


Joseph Priestley


Work	to	identify	various	types	of	“airs,”	or	gases,	con-
tinued.	 In	 the	 1770s,	 English	 theologian	 and	 natural	
philosopher	 Joseph	 Priestley	 (1733–1804)	 was	 able	 to	
isolate	 a	 number	 of	 different	 gases,	 including	 nitrous	
oxide,	ammonia,	sulphur	dioxide,	and	nitrogen.	Priest-
ley	performed	experiments	in	which	he	dissolved	carbon	
dioxide	in	water	and	found	it	fizzed.	This	was	actually	
the	first	carbonated	beverage,	and	this	soda	water	is	the	
basis	of	the	soft	drink	industry	today.


Priestley	 is	 best	 known,	 however,	 for	 his	 discovery	 of	
oxygen,	although	he	did	not	call	 it	that.	He	noted	that	
mercuric	 oxide,	 when	 heated,	 produced	 a	 gas	 with	
unusual	 properties.	 This	 gas	 made	 combustibles	 burn	
much	brighter	and	more	rapidly	than	in	ordinary	air.	Still	
accepting	the	phlogiston	theory	that	was	standard	in	his	
day,	Priestley	decided	that	this	gas	contained	little	or	no	
phlogiston	itself,	but	that	the	phlogiston	in	the	combus-
tible	substance,	when	added	to	this	gas,	caused	the	gas	
to	flame.	This	would	not	happen	in	ordinary	air,	which	


A page from Joseph Priestley’s 
1768 book, giving instructions for 
an electrical machine. Priestley 
discovered various gaseous 
elements and compounds.
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according	to	the	theory	absorbs	phlogiston	until	it	is	saturated	and	then	will	no	longer	sup-
port	combustion.	However,	since	this	gas	continued	to	support	combustion	and	actually	
increased	the	flame	of	the	burning	substance	introduced	to	it,	he	called	it	“dephlogisticated	
air.”	Priestley	also	found	that	this	air	supports	life.


Biographical Spotlight: Carl Scheele—The Forgotten Discoverer of Oxygen


Joseph Priestley may be best known for his “discovery” of oxygen. However, there is another person 
whose work was equally important in isolating oxygen: Carl Wilhelm Scheele (1742–1786). Scheele 
was born in Pomerania (which was then part of Sweden) and trained as an apothecary; he became 
well known in that area, even turning down offers of a university position and a position as court 
chemist to Frederick II of Prussia to continue to pursue this craft. 


Scheele was entirely self-trained in chemistry and was an active and successful researcher. Using the 
pharmaceutical chemicals available to him, he was able to discover a host of new substances—probably 
more than anyone else in his day. He was particularly interested in acids, and his discoveries included 
mineral, animal, and plant-based acids. He also investigated chlorine, nitrogen, tungsten, and even poi-
sonous gases such as hydrogen cyanide. While working in a laboratory at Uppsala in 1770 he discovered 
oxygen. This was three years before Priestley did the research on it, and Priestley may have used Scheele’s 
work as the basis for his own. Scheele, who also held to the phlogiston theory, suggested that ordinary 
air was a compound of two different gases: “fire air” (oxygen) and “foul air” (nitrogen). He also determined 
that these gases were present in air in a ratio of three parts to one by volume. However, Priestley pub-
lished his findings first and thus today is given priority for the discovery of oxygen.


Why has Scheele been essentially forgotten in the story of the discovery of oxygen? There are sev-
eral possible reasons. Scheele was a craftsman, an apothecary, and not a member of the educated 
elite like so many others who took up chemical research. In this age, scientific information was 
shared among gentlemen, often via personal communications. 


Scheele was granted the honor of being elected to the Swedish Royal Academy of Science—the first 
apothecary to gain such membership. However, this in itself was not sufficient to place him in the 
ranks of the international scientific elite. When Scheele did put his findings together into a book, 
his publisher failed to print it quickly, and by the time it was published, Priestley had already com-
municated his own findings among the intelligentsia and had thus gained credit for the discovery 
of oxygen. Scheele died at age 45, having suffered ill health much of his life. It is suggested that his 
death was due to his having tasted many of the new substances he prepared in his laboratory, since 
his symptoms during his final illness appear to have been consistent with mercury poisoning. 


Reflective Questions:


1. What does Scheele’s life suggest to you about how new ideas are accepted or rejected by the estab-
lished scientific community?


2. Part of Scheele’s difficulty in getting recognized was that he did not live in a major center of scientific 
activity. To what extent is this still true today for scientific investigators living in smaller countries 
away from the mainstream?


Antoine Lavoisier


Antoine	Lavoisier	(1743–1794)	is	considered	to	have	revolutionized	chemistry.	Lavoisier	
had	several	advantages	that	made	him	ripe	for	this	role.	First,	he	was	rich	and	could	
afford	the	most	elaborate	and	costly	laboratory	equipment	he	could	procure	or	have	con-
structed	for	him.	Second,	he	was	extremely	knowledgeable	about	many	different	aspects	
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of	science.	Third,	he	had	the	ability	to	take	the	ideas	of	others	and	refine	them,	creating	
coherent	explanations	from	their	originators’	sometimes	intriguing	but	not	necessarily	
elegant	descriptions.	He	often	failed	to	credit	the	people	who	made	the	original	discover-
ies—which	was	unfortunate	for	them	but	nonetheless	enhanced	Lavoisier’s	own	reputa-
tion	as	a	scientific	genius.	Fourth,	Lavoisier	always	looked	for	the	theoretical	significance	
in	any	chemical	experiments	he	performed.


Lavoisier	had	a	law	degree	and	became	an	active	public	figure.	Yet	his	interests	were	
mostly	in	science.	He	was	sometimes	able	to	use	his	scientific	knowledge	for	practical	pur-
poses.	He	was	well	known,	and	his	precision	in	carrying	out	experimental	technique	and	
in	quantifying	results	of	chemical	processes	was	legendary.	For	example,	he	developed	an	
improved	way	to	prepare	saltpeter,	which	is	a	key	ingredient	of	gunpowder.	This	permit-
ted	France	to	obtain	gunpowder	of	higher	quality	than	that	of	other	nations.	Lavoisier	
carried	out	experiments	on	his	own	farm	that	improved	agriculture,	he	led	an	effort	to	
reform	the	system	of	weights	and	measures,	and	he	helped	conduct	a	geological	survey	
of	Alsace-Lorraine.	In	1772,	through	experiments	to	test	whether	all	metals	gained	weight	
upon	calcination,	Lavoisier	decided	that	during	combustion	even	nonmetals	showed	an	
increase	in	weight.	He	experimented	with	mercury	and	heated	it	to	obtain	mercuric	oxide.	
Then	he	heated	the	mercuric	oxide	to	separate	it	into	the	gas	(Lavoisier’s	“air”)	and	mer-
cury.	He	found	that	the	amount	of	“air”	absorbed	by	the	mercury	was	the	same	as	the	
amount	released	when	the	oxide	was	heated.	He	concluded	that	mercury	took	something	
from	the	air	in	the	production	of	mercuric	oxide.	This	revealed	to	him	that	there	was	a	new	
substance	(an	element)	involved.	He	named	it	“oxygen.”	Given	this	perspective	on	what	
was	actually	happening,	Lavoisier	was	able	to	assert	that	his	theory	of	an	element	being	
taken	up	to	produce	the	oxide	and	then	released	to	leave	behind	the	metal	itself	was	far	
more	compatible	with	his	findings	than	was	the	old	phlogiston	theory.	His	careful	mea-
surements	supported	his	conclusion.


Lavoisier’s	attention	to	quantification	was	also	influential	in	the	development	of	a	new,	
standard	methodology	for	chemistry.	By	revealing	that	in	a	chemical	reaction	the	quantity	
of	matter	itself	did	not	vary,	he	is	credited	with	being	the	first	to	state	the	law	of	conser-
vation	of	matter.	By	revealing	that	air	was	not	an	element,	and	by	repeating	Cavendish’s	
experiment	and	reinterpreting	those	conclusions	to	show	that	water	also	was	a	compound,	
not	an	element,	Lavoisier	was	able	to	demonstrate	that	the	four	elements	of	Aristotle	were	
no	longer	accurate	or	sufficient	to	explain	the	composition	of	substances	in	nature.


With	his	flair	for	self-promotion	and	drama,	Lavoisier	maintained	that	he	had	revolution-
ized	chemistry.	He	burned	the	books	of	the	phlogiston	theorists	to	indicate	that	he	had	
put	chemistry	on	a	new	path	while	failing	to	credit	those,	such	as	Priestley,	whose	experi-
mental	work	had	been	so	essential	in	influencing	him.	In	his	1787	work,	Methods of Chemi-
cal Nomenclature,	Lavoisier	attempted	to	establish	a	common	vocabulary	for	identifying	
chemical	substances.	Many	of	the	names	he	gave	to	the	elements	are	still	used	today.


Lavoisier’s	ideas	became	popular	among	French	chemists	during	this	period,	but	many	in	
England	never	accepted	them.	His	fame	rests	more	on	what	he	abolished	(the	phlogiston	
theory)	than	on	what	he	suggested	as	a	replacement	to	that	theory.	His	new	nomencla-
ture	for	chemical	elements	was	not	universally	accepted—for	many	reasons,	including	
nationalistic	ones.	In	England,	in	fact,	some	refused	to	accept	it	because	it	was	too	closely	
identified	with	the	French	Revolution—a	movement	Lavoisier	himself	did	not	support!
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Biographical Spotlight: Antoine Lavoisier and the Importance of Communication


Antoine Lavoisier’s publication of Traité Élémentaire 
de Chemie in 1789 marked the beginning of the 
modern era of chemistry. To bring about his revolu-
tion, Lavoisier relied upon an information network, 
as well as the power of authorship, to build a new 
body of knowledge and overthrow the “old,” phlo-
giston-based chemistry. Because of the importance 
placed on publication by scholars like Lavoisier, 
scientific literature came to be “regarded as the pri-
mary repository of the knowledge that defines the 
state of the field” (Holmes, 1987, pp. 220–235). For 
Lavoisier, literature represented the most important 
method for accumulating information as well as the primary way to convince others of ideas. One 
historian wrote that Lavoisier was the first chemist to have a “powerful and organized communica-
tions policy” represented in part by a “range of publications intended for a diverse readership and a 
rapid diffusion” (Poirier, 1998, p. 197).


Not only was the literature important for disseminating information. The process of writing was 
essential for the genesis of thought. Lavoisier’s laboratory itself revealed the importance of writing. 
Writing and research were intertwined to become the process by which scientists generated new 
knowledge. Lavoisier’s ultimate achievement resulted in the successful “interplay between investiga-
tions carried out in the laboratory and efforts at his writing table to organize his laboratory experi-
ence” (Holmes, 1985, p. 89). 


However important building a body of knowledge was to the scientific discipline, Lavoisier warned 
that it should not grow too large, else it might slow future development. In his classic publication 
on combustion, Lavoisier described the dangers inherent in a scientific system that indiscriminately 
built fact upon fact. He wrote, “Facts, observations, experiments, are the materials of a great edifice, 
but when gathering them, we must avoid creating obstacles” (Donovan, 1993, p. 149). One obstacle 
in particular was the danger of too much information, unmanaged, without a system of order.


Lavoisier realized the threat of the body of knowledge growing too large for one individual to mas-
ter. His way around this problem was through collaboration. 


Lavoisier was one of the first scientists to understand that difficult scientific problems required 
a scientific team, whereby each member contributed a form of specialized knowledge (Holmes, 
1985, p. 491). He wrote in his Oeuvres that the collaborative approach was the way that “all sciences 
help each other and mutually lend strength to build together the great edifice of human knowl-
edge” (Poirier, 1998, p. 187). We see the ongoing evidence of this importance today when signifi-
cant scientific accomplishments come not from a lone isolated genius but from a socially active 
scientist, intimately engaged with his or her team and the larger community. These communities 
then, as now, were the universities and scientific societies, which promoted organization, structure, 
and communication of their disciplines. 


Reflective Questions:


1. What is the importance of communication to scientific activity?
2. Have you ever worked with a team before? What were some of the challenges and benefits of this 


type of organization? Can you see parallels for the world of scientific teams?
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5.4 Science and Spectacle


The	growth	of	the	scientific	disciplines,	as	discussed	previously,	represented	a	sig-nificant	flowering	of	new	knowledge.	During	the	Enlightenment,	a	unique	com-bination	of	social,	philosophical,	economic,	and	political	ideas	came	together	that	
resulted	in	the	encouragement	of	public,	or	popular,	science.	It	was	a	period	of	consider-
able	political	and	economic	change,	and	these	changes	directly	affected	how	science	was	
conducted	and	communicated.	This	was	also	a	period	in	which	the	boundary	between	 
scientific	research	and	science-demonstration-for-entertainment—that	is,	between	“science”	


and	“spectacle”—was	fluid	and	in	which	the	profes-
sionalization	of	science	and	distinctions	among	dis-
ciplines	were	not	wholly	developed	(Bensaude-Vin-
cent	&	Blondel,	2008).


Calls for Reform and Access to Scientific 
Information


During	the	Enlightenment	some	of	the	new	areas	
of	science,	such	as	chemistry,	were	yet	to	be	consid-
ered	distinct	disciplines,	as	mentioned	 in	Section	
5.2.	Moreover,	the	idea	that	knowledge	should	be	
made	available	to	a	wider	number	of	people	was	
not	wholly	accepted—even	in	this	cultural	age	of	
“enlightenment.”	There	still	existed	a	strong	sense	
of	social	class	and	a	separation	between	craftsmen	
and	professionals.	In	the	late	17th	to	18th	centuries,	
some	called	for	extensive	educational	reform	and	
for	 greater	 dissemination	 of	 information.	 In	 this	
age	of	social	mobility,	some	began	to	rankle	at	the	
exclusivity	of	certain	professions,	bound	by	guild	
laws.	These	and	other	 factors	motivated	some	to	
call	for	new	ways	to	provide	the	public	with	infor-
mation,	to	give	access	to	exclusive	knowledge,	and	
to	extend	education	beyond	the	nobility.


Samuel	Hartlib	was	an	influential	promoter	of	sci-
ence	and	educational	reform	in	England.	He	advo-
cated	forming	an	“Office	of	Address,”	which	was	to	


serve	as	a	clearinghouse	for	dissemination	of	scientific	information.	At	Hartlib’s	urging,	
Parliament	invited	the	Czech	educational	reformer	John	Amos	Comenius,	a	disciple	of	
Francis	Bacon,	to	England.	Comenius	called	for	a	system	of	universal	education	and	a	
significant	curriculum	reform	that	would	be	based	on	experience,	not	on	reading	books	of	
authorities.	Comenius’s	ideas	did	not	have	immediate	impact,	since	soon	after	he	arrived	
in	England	the	English	Civil	War	broke	out,	yet	his	ideas	reveal	the	type	of	radical	educa-
tional	reform	that	was	the	subject	of	discussion	during	this	period.


Others	also	called	for	reforms	that	would	result	in	bringing	scientific	information	to	a	
greater	 public.	 The	 English	 Protestant	 reformer	 Gerrard	 Winstanley	 advocated	 the	


This illustration shows the science and 
spectacle of the Enlightenment. Notice 
that both men and women appear in the 
audience.
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extension	of	science	education	to	every	parish	in	the	land.	He	believed	that	science	could	
be	applied	to	everyday	problems	of	human	life	and	urged	all	people	to	engage	in	scien-
tific	discussions.	Nicholas	Culpeper,	an	English	clergyman	and	apothecary,	likewise	held	
that	scientific	information	should	be	made	available	to	all.	He	particularly	opposed	the	
monopoly	of	the	Royal	College	of	Physicians	and,	in	an	act	of	rebellion	against	them,	
translated	one	of	their	proprietary	texts,	the	Pharmacopaeia Londinensis,	into	English,	so	all	
could	learn	how	to	make	their	own	medical	drugs.


Public Validation of Science 


Along	with	calls	for	greater	dissemination	of	scientific	knowledge	among	the	public	was	
the	idea	that	new	experimental	discoveries	could	only	be	validated	if	individuals	of	trust-
worthy	character	witnessed	them	and	agreed	with	the	results.	During	this	time,	scientific	
experiments	required	the	presence	of	“credible	witnesses,”	whose	own	observations	and	
consensus	were	required	before	the	experimental	findings	could	be	accepted	by	the	sci-
entific	community	(Shapin,	1994).	The	scientific	societies	brought	gentlemen	together	for	
this	purpose	of	witnessing	experiments	and	discussing	new	findings.


During	this	period,	the	cultural	norm	was	to	exclude	women	from	membership	in	these	
societies,	and	membership	of	men	was	restricted	to	educated	intellectuals	or	those	of	
high	social	status,	or	both.	Furthermore,	most	of	the	scientific	societies	still	distinguished	
between	the	professional	and	the	craftsman.	Scientific	discourse	in	these	groups	was	for	
the	privileged,	not	only	because	it	was	believed	that	manual	laborers	were	incapable	of	
adequately	understanding	or	expressing	theoretical	principles	but	also	because	limiting	
membership	to	those	highly	educated	or	of	high	social	status	best	guaranteed	that	those	
“witnessing”	and	reporting	on	the	experiments	were	reliable	and	credible.	Therefore,	we	
find	in	this	period	that	the	traditional	differentiation	between	“those	with	means	and	lei-
sure	to	think”	and	“those	who	work	with	their	hands”	remained.


Thus,	science	conducted	as	part	of	the	formal	scientific	societies	was	“public”	but	restricted.	
Many	societies	did	allow	a	broader	group	of	people	to	come	in	at	specific	times	to	view	
their	demonstrations,	but	in	general	these	formal	societies	were	not	the	primary	venues	
for	“popular	science”	in	the	Enlightenment	period.	Despite	the	relatively	restrictive	nature	
of	scientific	proceedings	within	the	formal	societies,	there	was	an	emphasis	on	validat-
ing	scientific	work	based	on	visual	experience.	With	the	advancement	of	Enlightenment	
ideas,	more	and	more	of	the	general	public	sought	access	to	experimental	information.	As	
a	result,	venues	other	than	scientific	societies	were	created	to	provide	such	access.


Venues for Public Science Education
During	this	period,	there	were	a	wide	variety	of	opportunities	to	observe	scientific	exper-
iments.	Some	venues	were	private	or	semiprivate;	others	were	very	public—including	
discussions	held	in	coffeehouses,	advertised	“public	lectures,”	and	open-air	events,	such	
as	fairs.	In	almost	all	cases,	science	was	promoted	both	for	its	educational	value	and	as	
entertainment	or	“spectacle.”


Both	serious	scientific	investigators,	such	as	Priestley	and	Lavoisier,	and	itinerant	lectur-
ers	who	traveled	from	town	to	town	and	lived	off	their	lecture	fees	performed	scientific	
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demonstrations	for	the	public.	For	their	part,	people	who	attended	these	demonstrations	
circulated	the	scientific	ideas	even	more	widely	and	actively	debated	scientific	questions.	
Public	opinion	was	now	a	factor	influencing	science.


Those	performing	the	demonstrations	were	a	varied	group,	as	was	the	audience	in	atten-
dance.	Depending	on	the	venue,	one	could	find	a	mixed	group	of	people,	including	not	
only	the	curious	rich	but	also	the	craftsman,	the	farmer,	the	philosopher,	and	the	indus-
trialist.	At	more	open	events,	the	mingling	of	people	from	different	social	classes	and	
professions	who	all	witnessed	the	same	demonstration	helped	created	a	“bridge	between	
scientific	culture	and	common	sense”	(Bensaude-Vincent	&	Blondel,	2008,	p.	9).	In	short,	
science	was	becoming	accessible	both	physically	and	intellectually.	There	developed	a	
“public	taste	for	science”	to	the	point	that	scientific	spectacles	in	the	18th	century	became	
“integral	parts	of	urban	social	culture”	(Bensaude-Vincent	&	Blondel,	2008,	p.	9).


Another	dimension	of	public	science	was	its	commercial	potential.	Lecturers	and	dem-
onstrators	often	created	and	sold	their	own	apparatuses	to	the	public,	and	instrument	
makers	held	scientific	demonstrations	in	their	shops.	The	acquisition	of	scientific	appara-
tuses,	in	fact,	became	a	status	symbol	for	the	rich.	In	the	18th	century,	even	newspapers	
contained	advertisements	for	scientific	equipment.	“Science	was	not	just	something	to	
learn,	observe,	and	marvel	at,	but	something	to	own	and	manipulate	in	domestic	settings	
as	well	as	on	the	public	stage”	(Roberts,	1999,	p.	692).


The	usefulness	of	science	was	another	significant	part	of	the	public	interest	in	scientific	
knowledge.	Science	came	to	be	promoted	as	useful	 to	one’s	own	health	and	welfare,	
which,	as	we	shall	see,	created	a	demand	for	scientific	demonstrations	that	related	new	
ideas,	particularly	about	electricity	and	magnetism,	to	healing.


Private Forums for Disseminating Science
Private	audiences	were	able	to	participate	in	science	without	having	to	be	invited	to	
demonstrations	held	inside	scientific	societies.	Some	wealthy	individuals	established	
their	 own	 private	 laboratories	
or	private	collections	of	exotica	
and	opened	these	to	their	own	
circle	of	friends.	The	conversa-
tions	 on	 scientific	 topics	 were	
often	of	considerable	complex-
ity,	 and	 men	 engaged	 in	 sci-
entific	 work	 found	 they	 could	
elevate	 their	 reputations	 if	
they	became	known	among	the	
elite	 guests	 of	 the	 salons. The 
salon	 became	 the	 main	 venue	
in	 which	 women	 could	 also	
participate	 in	scientific	discus-
sion.	In	the	salons,	women	not	
only	 had	 control	 over	 whom	
to	invite	but	also	often	led	the	
discussions.


Private laboratories allowed for smaller scientific 
demonstrations.
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Some	professional	societies	also	offered	courses	tailored	for	their	members,	as	a	form	
of	18th-century	“continuing	education.”	Such	was	the	case	at	the	Jardin des apothicaires, 
a	 teaching	 institution	organized	and	financed	by	 the	apothecaries’	guild.	Beginning	
in	1702,	it	offered	courses	that	included	information	on	new	discoveries	in	chemistry.	
These	lectures	were	designed	as	training	for	those	planning	to	enter	the	profession;	
moreover,	the	public	was	permitted	to	enter	and	observe	drugs	being	prepared	after	
regular	class	hours.	At	the	institution,	private	courses	and	demonstrations	were	offered	
at	a	fee,	which	limited	the	audience	to	those	who	could	afford	to	pay.	Those	of	means	
had	greater	access	 to	more	elaborate	demonstrations	and	longer	courses,	since	 they	
could	pay	the	entry	fees.


Other	private	forums	for	scientific	demonstration	and	discussion	were	formal	university	
courses,	 limited	to	their	students.	Scientific	demonstrations	were	also	provided	at	the	
royal	court	for	the	entertainment	of	the	nobility.	This	was	part	of	the	world	of	scientific	
patronage	and	was	in	existence	long	before	the	Enlightenment.	It	remained,	however,	a	
significant	private	venue	for	dissemination	of	science	at	this	time.


Public Demonstrations 
Public	demonstrations	were	available	to	people	of	all	social	classes	and	professions.	These	
were	often	free	or	available	at	a	sufficiently	low	charge	to	allow	a	wide	range	of	people	to	
attend.	Even	some	demonstrations	intended	for	people	of	a	specific	profession	were	open	
to	anyone	interested.


These	demonstrations	had	practical	goals—some	philosophical	to	“enlighten”	the	people	
and	some	quite	utilitarian	to	teach	people	how	to	prepare	cosmetics	or	medicinal	drugs.	
Although	the	focus	was	on	the	practical,	lecturers	did	include	some	theory—couched	in	
terms	that	the	public	could	understand.	Interestingly,	the	mode	of	demonstration	often	
paralleled	that	which	we	have	seen	in	the	Renaissance	anatomical	theaters,	where	one	
person	performed	the	demonstration	while	the	lecturer	described	what	was	happening	
and	included	some	theoretical	explanations.


In	these	demonstrations,	the	public	was	provided	evidence	of	a	particular	phenomenon,	
and,	in	turn,	the	public	weighed	in	on	the	results.	In	fact,	the	manufacture	of	devices	
specifically	for	scientific	demonstration	became	an	essential	occupation	in	the	period.	
The	refining	of	scientific	apparatuses	at	times	led	to	new	avenues	of	research	as	well	as	
impressing	the	public.	The	variety	of	apparatuses	available	also	led	to	some	philosophi-
cal	conflicts	regarding	the	“science”	being	demonstrated.	For	example,	a	feud	developed	
between	the	instrument	maker	Jean	Hyacinthe	de	Magellan	and	his	rival	Tiberius	Cavallo	
over	magnetism	and	the	utility	of	eudiometers,	which	were	used	to	measure	changes	in	
volume	of	gas	mixtures	in	the	lab,	to	measure	the	breathability	of	airs	(Bensaude-Vincent	
&	Blondel,	2008).


Lecturers	for	these	public	demonstrations	ranged	from	professionals	in	scientific	investi-
gation	to	itinerant	lecturers	who	had	limited	scientific	background.	Yet	even	a	relatively	
unschooled	 lecturer	 could	 make	 a	 good	 living	 from	 performing	 scientific	 demonstra-
tions—especially	 if	 these	 were	 dramatic	 and	 provocative.	 Itinerant	 lecturers	 traveled	
throughout	Europe,	sometimes	changing	their	names	to	conform	to	the	local	language	
so	that	they	appeared	to	be	of	the	same	ethnicity	as	their	audiences.	A	number	of	public	
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lecturers	gained	great	fame.	Others	made	a	fine	profit	from	selling	copies	of	their	lecture	
notes	and	making	their	apparatuses,	which	they	often	constructed	themselves,	available	
for	purchase.


By	the	1730s	almost	every	type	of	science	was	being	popularized	(Lynn	&	Mayer,	2002).	
Some	sciences	lent	themselves	to	more	dramatic	demonstrations	than	others,	and	these	
drew	larger	audiences	precisely	because	of	their	entertainment	value.	Such	was	the	case	
with	electrical	demonstrations.


The Marvels of Electricity 


If	one	science	could	be	said	to	have	been	the	most	popular	subject	for	demonstrations	in	
the	18th	century,	it	was	electricity.	We	all	have	heard	about	Benjamin	Franklin’s	experi-
ments	with	electricity	and	lightning.	This	interest	in	electricity	spanned	both	sides	of	the	
Atlantic,	with	electrical	parties	often	being	held	for	the	aristocracy.	The	range	of	elec-
trical	 demonstrations,	 often	
performed	upon	willing	volun-
teers,	was	vast,	and	the	enter-
tainment	value	was	high.


The	 use	 of	 the	 Leyden jar 
enhanced	 the	 drama	 of	 these	
events	 by	 permitting	 demon-
strators	 to	 store	 and	 release	
electricity	as	shocks	and	sparks.	
Credit	for	the	invention	of	the	
Leyden	 jar	 has	 been	 given	 to	
Pieter	 van	 Musschenbroeck,	 a	
Dutch	 scientist	 who	 did	 pio-
neering	 work	 in	 electricity.	 If	
someone	 touched	 the	 interior	
and	exterior	of	the	jar	simulta-
neously,	an	electrical	discharge	
could	be	felt	through	the	body.	
Jean-Antoine	 Nollet	 (1700–
1770)	 increased	 the	 dramatic	
effect	by	having	a	chain	of	peo-
ple	hold	hands	as	the	first	and	
last	person	in	the	chain	touched	
the	 inside	 and	 outside	 of	 the	
jar	 to	 produce	 a	 simultaneous	
shock	in	the	entire	group.


This image shows the Dutch physicist Pieter van 
Musschenbroeck as he demonstrates his Leyden jar experiment.
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Biographical Spotlight: Jean-Antoine Nollet and the Popularization of Science


Jean-Antoine Nollet was born into a peasant family in France. His parents sent him to study to 
become a priest, and he became a deacon in 1728. Soon he became fascinated with science. His 
views on physics were quite eclectic, and he claimed not to espouse any particular theory; therefore, 
one can find elements of the ideas of both Newton and Descartes in his work. 


Nollet was most interested in experiment. He also recognized the potential utility of science and 
desired to provide lectures to the public. In 1735 he created his own lecture course in experimental 
physics in Paris and continued to offer it until 1760. Some of his demonstrations were recognized as 
the most entertaining of the day, while also accurately describing key scientific principles. He was 
particularly interested in demonstrations of electricity and is said to have fascinated King Louis XV 
by performing a demonstration using a Leyden jar to transmit an electric shock to 180 of the king’s 
royal guards, all of whom were holding hands. He became a favorite of the royal court and had many 
prominent followers and patrons.


Due to his skill, engaging personality, and association with the nobility, Nollet eventually was able 
to move from the rank of lay lecturer to professional scholar. He became the first professor of experi-
mental physics at the University of Paris and a member of the Paris Academy of Sciences. During his 
life, he also came to hold membership in the Institute of Bologna and the Academy of Sciences of 
Erfurt. In 1758 he was asked to tutor the king’s own children in physics. 


Nollet also wrote popular treatises on physics, constructed one of the first electrometers, and is said 
to have been the first to recognize the utility of sharp points on conductors in the discharge of elec-
tricity, an observation that was later to be applied to the construction of lightning rods. 


Reflective Questions:


1. Why do you think Nollet was able to achieve recognition as a serious scientist in this era when most 
scientists were of the elite?


2. What does Nollet’s life reveal about the popular interest in scientific experiment of his day? Could he 
have been as successful had he not been born in France?


The	sights	and	sounds	of	electrical	demonstrations	so	fascinated	audiences	that	demonstra-
tors	devised	more	and	more	unique	methods	of	showing	“electric	fire.”	In	1730,	Stephen	
Gray	developed	the	“flying	boy”	experiment,	which	became	one	of	the	most	popular	dem-
onstrations	throughout	Europe.	A	boy,	suspended	by	silk	cords,	was	connected	to	a	friction	
generator	by	his	feet,	while	his	now-electrified	hands	attracted	small	pieces	of	paper	or	
transmitted	the	electricity	to	another	person	who	then	could	also	attract	light	objects.


Women	were	particularly	interested	in	these	demonstrations,	which	sometimes	had	quasi-
sexual	connotations.	In	the	“Venus	kiss”	demonstration,	a	woman	stood	on	an	insulated	
stool	while	her	body	was	given	an	electrical	charge.	The	gentlemen	in	the	audience	were	
invited	to	try	to	kiss	her,	but	as	soon	as	they	tried,	her	lips	discharged	an	electrical	shock.	
The	creator	of	this	demonstration,	the	German	Georg	Matthias	Bose,	even	wrote	a	poem	
about	electricity	that	contained	a	reference	to	it:


Once	only,	what	temerity!
I	kissed	Venus	standing	on	pitch.
It	pained	me	to	the	quick.	My	lips	trembled
My	mouth	quivered,	my	teeth	almost	broke.	(cited	in	Bertucci,	2009)	
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The	success	of	many	electrical	demonstrations	depended	on	the	technical	dexterity	of	the	
presenter.	Electrical	demonstrations	were	“big	business”	in	18th-century	entertainment.	
Despite	risky	methods,	the	wide	variety	of	electrical	demonstrations	did	have	educational	
value	and	assisted	serious	investigators	in	their	understanding	of	this	new,	mysterious	
force.


One	of	the	most	intriguing	elements	of	some	popular	demonstrations	was	the	suggestion	
that	they	could	supply	information	related	to	human	health.	Electricity	and	magnetism	
were	especially	investigated	for	their	healing	potential.	Experiments	were	conducted	to	


determine	the	effects	of	electric-
ity	on	the	body.


Strange	fads	developed	regard-
ing	 the	 medical	 implications	
of	 these	 forces.	 Many	 were	
based	 on	 sheer	 conjecture.	 For	
example,	George	Graham,	who	
worked	in	London,	touted	elec-
tricity	 as	 an	 aid	 to	 virility.	 He	
created	 a	 Celestial	 Bed,	 a	 bed	
surrounded	 by	 electric	 vapors,	
which	he	told	audiences	would	
help	couples	fight	barrenness.	


Animal magnetism	was	a	sub-
ject	of	great	interest	as	well.	This	
was	the	idea	that	living	bodies	
contain	a	magnetic	fluid.	Franz	
Mesmer,	 a	 German	 physician,	


built	upon	this	theory	to	suggest	that	by	manipulating	this	fluid,	one	could	cure	a	number	
of	diseases	and	even	reverse	blindness.	Mesmer	traveled	to	Paris	in	1781,	where	he	soon	
became	a	sensation	among	the	elite.	Using	a	variety	of	dramatic	techniques,	blended	with	
hypnosis,	Mesmer	held	healing	parties.	Participants	sat	in	magnetized	water	or	held	mag-
netized	poles,	while	Mesmer	moved	among	them	and	evoked	behaviors	through	hypno-
sis	such	as	going	to	sleep	or	dancing.	He	sometimes	also	waved	a	magnetized	pole	over	
a	person	to	“cure”	him	or	her.	A	number	of	participants	at	these	sessions	claimed	to	have	
been	cured	or	at	least	to	have	felt	unusual	sensations	during	the	experience.


Mesmer	was	eventually	denounced	as	a	 fraud	in	1784	by	the	Faculty	of	Medicine	 in	
France,	assisted	by	an	additional	group	of	four	commissioners	from	the	Royal	Academy	
of	Sciences,	which	included	Benjamin	Franklin.


Did You Know? To Mesmerize


The verb “to mesmerize” was first used in 1879 and comes directly from Mesmer’s work.


Experiments measuring the effects of electricity on muscles 
were often performed using frogs’ legs.
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Women, Children, and Reading 


In	many	respects,	the	accessibility	of	science	was	not	the	exclusive	domain	of	men,	but	
expanded	into	eager	audiences	of	women	and	children.	The	Enlightenment	was	a	“read-
ing	society.”	The	printing	press	facilitated	the	spread	of	ideas	and,	with	the	interest	in	
education,	literacy	increased	as	did	the	demand	for	books	in	the	vernacular—and	as	more	
vernacular	books	were	printed,	the	reading	audience	expanded.	Scientific	information	
came	to	be	spread	this	way	as	exemplified	by	the	Encyclopédie (see	Section	5.1).


Educational	opportunities	for	women	were	increasing	in	this	period,	and	women	became	
part	of	the	reading	public.	Women	of	noble	birth	had	long	been	interested	in	science	and,	
especially	in	18th-century	France,	were	instrumental	in	hosting	scientific	discussions	in	
their	salons	and	even,	in	some	cases,	made	scientific	instruments.	Although	excluded	from	
formal	membership	in	scientific	societies,	some	women	became	self-taught	and	wrote	sci-
ence	books	for	the	public,	often	to	explain	Newtonian	theory.	For	example,	the	Italian	
count	Francesco	Algarotti	wrote	Neutonianismo per le dame	(Newtonianism for Ladies)	in	1732	
to	explain	Newton’s	views	on	optics	while	Voltaire’s	mistress,	Émilie	du Châtelet,	trans-
lated	Newton’s	Principia	into	French	and	commented	on	his	findings	(see	Section	3.3).


Along	with	books	on	science	that	tar-
geted	the	female	audience	were	books	
on	 scientific	 topics	 written	 especially	
for	 children.	 Many	 of	 these	 books	 
contained	a	variety	of	scientific	infor-
mation,	 put	 into	 language	 children	
could	 understand,	 and	 most	 had	 a	
moral	 as	 well	 as	 an	 educational	 pur-
pose.	 These	 books	 were	 designed	 to	
be	read	by	both	boys	and	girls,	as	part	
of	 the	 social	 trend	 toward	 popular-
izing	science	for	the	middle	classes.	A	
book	entitled	Evenings at Home, or The 
Juvenile Budget Opened, Consisting of 
a Variety of Miscellaneous Pieces for the 
Instruction and Amusement of Young Per-
sons (six	volumes),	published	between	
1792	and	1796	by	John	Aiken	and	his	
sister,	Anna	 Letitia	 (Aiken)	 Barbauld,	
contained	 “conversations”	 on	 botany,	
astronomy,	geography,	and	chemistry.


Even	 more	 popular	 for	 children	 was	
John	Newbery’s	 The Philosophy of Tops and Balls; or The Newtonian System of Philosophy, 
adapted to the capacities of young gentlemen and ladies, and familiarized and made entertaining 
by objects with which they are intimately acquainted: being the substance of six lectures read to 
the Lilliputian Society, by TOM TELESCOPE, A. M. and collected and methodized for the benefit 
of the youth of these kingdoms, by their old friend, MR. NEWBERY, in St. Paul’s Church Yard 
(1761).	This	work,	which	continued	as	a	series	of	books	published	between	1761	and	1787,	
presented	science	as	a	pleasurable	activity.


Educational opportunities for women increased with 
the advancements in science and technology that 
occurred during the Enlightenment. Here, women 
examine silk moth eggs.
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CHAPTER 5Chapter Closing


Chapter Closing


The	popularization	of	science	in	the	18th	century	both	assisted	the	public	in	accept-ing	new	discoveries	and	promoted	new	avenues	for	scientific	investigation.	Money	obtained	by	demonstrators	could	be	used	to	acquire	more	complex	experimental	
equipment	or	to	fund	further	research.	The	public	gained	a	general	knowledge	of	science	
and,	as	a	result,	science	became	a	topic	of	conversation—not	some	esoteric,	whispered	
“secret	knowledge”	nor	an	immensely	complex	body	of	thought	available	only	to	an	elite	
group	of	scholars.	The	utility	of	scientific	activity—a	goal	of	the	Enlightenment—was	
accomplished	when	industrialists	and	entrepreneurs	among	the	public	came	to	realize	
that	there	could	be	marketable	practical	applications	from	the	new	discoveries.	The	Indus-
trial	Revolution	itself	can	be	said	to	have	been	facilitated	by	the	fact	that	science	had	come	
out	of	the	shadows	and	into	the	public	eye.


Additionally,	the	efforts	to	bring	science	to	wider	audiences	resulted	in	educational	reforms	
that	further	aided	in	the	development	of	distinct	scientific	fields.	The	relationship	between	
science	and	the	public	at	the	end	of	the	18th	century	was	very	different	from	what	it	had	
been	at	the	beginning.	Science	had	become	accessible,	entertaining,	and	socially	relevant.	
However,	it	was	becoming	too	large	to	simply	be	called	“science,”	and	the	distinct	branch	
names	started	to	emerge.	In	1765,	advertisements	in	the	Affiches de Paris,	a	periodical	with	
a	middle-class	readership,	included	lectures	in	botany,	mathematics,	experimental	phys-
ics,	natural	history,	pharmacy,	geometry,	and	chemistry,	and	by	1785,	this	same	single	
publication	listed	over	100	public	lecture	courses	(Lynn	&	Mayer,	2002,	p.	335).
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1707–1778: Carl Linnaeus 


1720:
Experimental


Physics


1707–1788: George Buffon


Studies of heat,
light, magnetism,


and electricity
begin in 1720.


1728–1799: Joseph Black 
Scottish physician Joseph Black studies the chemistry


of gases. His work influences other chemists, such as
Henry Cav endish and Joseph Priestley. 


1751–1772:
Encylopedie,


Systematic
Dictionary of  the


Sciences, Arts
and Craft


The coordinated efforts
of philosophers Denis


Diderot and Jean
d’Alembert help create


the first encyclopedia.
They enlist a number
of experts in different


fields of science to
compile the 35 volumes.


Renewed interest in natura l
history during the Enlightenment
leads to George Buffon’s 36-volume
publication of the Histoire
Naturelle, which he writes
from 1749 until 1788.  The book
is filled with information of the
anatomy of different animals
and the anthropology of racial
and cultural differences.


Swedish botanist Carl Linnaeus
uses fructification to classify


plants. He also uses binomial
nomenclature of two Latin


names to categorize plants.


1726–1797:
James Hutton
During this time
period, geology
becomes its own
scientific discipline.
James Hutton, a
Scottish geologist,
practices uniform-
itarianism, a belief
system that goes
against Abraham
Werner’s catastrophism
theory. 


1766–1844:
John Dalton


omet 


John Dalton, an
English chemist,
studies the atomic
theory. His work leads
to the creation of the
periodic table. 


A turning point is reached
during this era that uses
math and philosophy to
explain natural phenomena.
Edmond Halley, an English
astronomer, accurately
predicts the return of the
next comet in 1758, which
is named in honor of him.


1
7
0
0


1
8
0
0


Timeline 5.1: The Enlightenment
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Concept Check


1.	 Which	country	became	the	intellectual	center	of	the	Enlightenment?
	 A.	France
	 B.	 Germany
	 C.	England
	 D.	American	colonies


2.	 Which	of	the	following	scientists	was	most	closely	associated	with	the	develop-
ment	of	natural	history?


	 A.	George	Buffon
	 B.	 Abraham	Werner
	 C.	Carl	Linnaeus
	 D.	James	Hutton


3.	 Phlogiston	was
	 A.	a	combustible	element	within	substances	released	during	combustion.
	 B.	 the	name	originally	given	by	alchemists	to	“oxygen.”
	 C.	the	ash	that	remained	after	a	metal	was	burned.
	 D.	a	substance	that	conferred	immortality	on	those	who	drank	it.


4.	 Which	of	the	following	was	a	characteristic	of	scientific	demonstrations?
	 A.	Only	professional	scientific	researchers	could	perform	such	demonstrations.
	 B.	 The	public	was	excluded	from	attendance.
	 C.	The	audience	at	many	demonstrations	included	people	of	many	social	classes.
	 D.	The	demonstrations	were	designed	only	for	university	students.


5.	 Franz	Mesmer	was
	 A.	a	French	metallurgist	who	developed	the	“flying	boy”	experiment.
	 B.	 a	German	physician	who	believed	that	living	bodies	contain	a	magnetic	fluid.
	 C.	an	English	revolutionary	who	denied	the	existence	of	electrical	force.
	 D.	a	Swiss	biologist	who	conducted	electrical	experiments	on	garden	peas.


Answers
1.	A. The	answer	can	be	found	in	Section	5.1.


2.	A. The	answer	can	be	found	in	Section	5.2,	Natural	History.


3.	A. The	answer	can	be	found	in	Section	5.3,	Phlogiston:	The	Usefulness	of	an	Incorrect	Theory.


4.	C. The	answer	can	be	found	in	Section	5.4,	Public	Validation	of	Science.


5.	B. The	answer	can	be	found	in	Section	5.4,	The	Marvels	of	Electricity.
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CHAPTER 5Critical Thinking Questions 


Key Ideas to Remember


•	 The	Enlightenment,	or	as	the	French	called	it,	siècle de lumière, or	the	“century	of	
light,”	alluded	to	the	idea	that	human	knowledge	and	reason	had	the	power	to	
illuminate	a	road	of	progress	to	an	ever-improving	future.


•	 Although	there	is	not	one	specific	“Enlightenment”	philosophy,	it	included	the	
belief	in	human	potential	and	human	perfectibility	and	the	idea	of	progress.


•	 One	of	the	most	important	contributions	of	the	Enlightenment	era	was	the	devel-
opment	of	scientific	disciplines	such	as	physics,	natural	history,	physiology,	biol-
ogy,	and	geology.


•	 During	the	Enlightenment,	a	unique	combination	of	social,	philosophical,	eco-
nomic,	and	political	ideas	came	together	that	resulted	in	the	encouragement	of	
public,	or	popular,	science.


•	 The	development	of	chemistry	was	an	example	of	one	of	the	most	important	
scientific	disciplines	to	emerge	in	the	Enlightenment.


•	 Antoine	Lavoisier	(1743–1794)	is	considered	to	have	revolutionized	chemistry,	
though	French	revolutionaries	executed	him	for	his	ties	to	the	noble	class.


•	 Catastrophists	believed	that	geographical	change	on	Earth	happened	quickly	and	
as	a	result	of	catastrophic	events	like	Noah’s	flood.


•	 Neptunists,	from	the	god	of	the	sea,	was	the	name	given	to	those	who	believed		
that	water	was	the	main	catalyst	in	geological	changes	to	the	Earth.	In	contrast	
Vulcanists,	from	the	god	of	fire,	believed	that	geographical	change	took	place	
slowly	over	millions	or	billions	of	years.


•	 The	accessibility	of	science	in	the	Enlightenment	was	not	the	exclusive	domain	of	
men,	but	expanded	into	eager	audiences	of	women	and	children.


Critical Thinking Questions 


1.	 What	was	the	importance	of	information	growth	in	the	18th	and	19th	centuries?
2.	 What	are	some	ways	that	the	18th-century	Encyclopédie is	similar	to	the	21st- 


century	Wikipedia?	How	are	they	different?
3.	 What	were	some	of	the	key	scientific	specializations	that	emerged	in	the	18th	cen-


tury?	Is	it	a	positive	or	negative	development	for	science	to	become	segmented	
into	narrow	fields	of	inquiry?


4.	 Why	do	you	think	chemistry	did	not	develop	as	a	distinct	scientific	field	before	
the	18th	century?


5.	 Why	do	you	think	Lavoisier	was	so	successful,	and	why	did	he	receive	so	much	
acclaim	from	the	scientific	community	during	his	lifetime?


6.	 What	role	did	women	play	in	the	promotion	of	popular	science?	What	would	
popular	science	be	like	today	if	they	hadn’t	played	a	role?


7.	 How	important	was	the	“entertainment	factor”	in	helping	the	public	understand	
new	scientific	concepts?


8.	 What	role	did	the	invention	of	new	laboratory	apparatuses	play	in	the	advance-
ment	of	chemical	knowledge	in	the	17th	and	18th	centuries?


9.	 What	was	the	implication	for	women	and	children	of	the	Enlightenment	being	a	
“reading	society”?
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CHAPTER 5Key Terms to Remember


Key Terms to Remember


animal magnetism A	term	that	referred	
to	an	invisible	fluid	said	to	be	present	in	
living	beings.


catastrophism A	theory	that	states	geo-
graphical	change	on	Earth	happened	
quickly	and	as	a	result	of	catastrophic	
events	like	Noah’s	flood.


deism The	belief	in	a	God	based	on	obser-
vations	of	nature	and	through	reason.	
Deism	also	holds	that	God	created	the	
world	and	then	left	it	alone	with	no	further	
intervention.


Encyclopédie The	French	encyclopedia	
project	coordinated	by	Denis	Diderot	and	
Jean	d’Alembert	between	1751	and	1772.


epigenesis The	development	of	an	
embryo	through	successive	stages	from	
an	unformed	mass	into	a	fully	formed	
offspring.	


fructification Describes	the	generative	or	
reproductive	parts	of	plants	(such	as	flow-
ers	and	fruits).


Leyden jar A	piece	of	scientific	apparatus	
designed	to	collect	static	electricity.


Neptunists Followers	of	Abraham	Werner	
who	believed	water	was	the	central	agent	
of	change	on	the	Earth.


parthenogenesis Asexual	reproduction,	
or	the	development	of	an	egg	without	the	
need	of	fertilization.	


philosophes The	French	term	for	philoso-
phers	and	other	intellectuals	in	the	18th	cen-
tury.	It	is	a	word	that	means	“enlighteners.”


pneumatic trough Developed	by	Stephen	
Hales	around	1700,	the	pneumatic	trough	
consisted	of	an	iron	vessel	constructed	of	a	
bent	gun	barrel	and	was	used	to	measure	
the	amounts	of	gases	that	were	given	off.


preformation The belief that an embryo 
was	a	completely	formed	animal,	only	in	
microscopic	size.	


salons Private	gatherings,	usually	hosted	
by	women	of	the	aristocracy,	held	for	the	
purpose	of	intellectual	discussion	and	
amusement.	They	were	particularly	popu-
lar	in	France.


siècle de lumière The	French	term	for	the	
18th	century,	the	“century	of	light.”


subtle fluids Physical	particles	believed	to	
explain	the	phenomena	of	electricity,	grav-
ity,	magnetism,	and	heat.


uniformitarian theory A	theory	advanced	
by	James	Hutton	suggesting	that	the	Earth	
developed	slowly,	over	a	long	period,	as	
opposed	to	the	theory	proposed	by	the	
Catastrophists.


Vulcanists Followers	of	James	Hutton	
who	believed	heat	was	the	central	agent	
of	change	on	the	Earth,	as	evidenced	by	
volcanoes.
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