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A,Note About"Science"

ries and abuses co[mlnlited in p/r1sicft: "sciencc is a habit la readv, prompt

ancl bent disposition io do anl' thing confirmcd and had b,v long strrdv' erercis<'

and use."2

A rvide range ofElizabcthans used the collectivc teru scieirce to dcscrihc their

interest in properties ofthe natural u'orld or thcir efforts to nlauipulate rnd corl

trol those propertics. ln rvorks published or republished during the age ofEliza-

bcth, Leonard Digges used the mathematical sciences to identift the conterrpo

rary interest in ashonoml, astrologv, instrumeniation, arithmetic, and geontetrl ' ,

as clit l  John Dec, John Blagrave, and Will iam Bourne Thc queen voiced her

srrpport for "all good sciences aud u'ise ancl learned invenlions," and letters

prt.rrt r".r. irru.d .tncler her nan.re for technological experts in the "science" of

furnace,rranufacturing as rvell as ttte "science" ofglassmaking Humfrev Baker

prorliscd that he hacl "more ready knorvledgc in this scierrce" of natlrematics

than most others in England. L)onalcl Lupton' r 'vrit ing about London, called it a

center ofall "sciences, atts, and trades," irdicating that b,v the early seventecntlt

centurv thcre rvere some who were already teasing out the clifferetlces bchveen

these fomrs of inquirv and practice. The surgcotr George Baker comrnended

Italiar and French lvriters for Putting their kllorvledge ofsurgical scicnce in the

verracular. His fellorv surgeon Will iarn Ciorves placed n.redicinc and sttrgery'

among thc sciences and il lsLructed his readers to ollserve the boundaries that cli-

vided science front science. And Francis Bacon lookeclforq'xl{ 1e 1le firrre when

Eirglishmen rvould dcvelop "sciences Ltnknolrt."3

NIy ,.r.nr.lt uncovercd that Englisir vernacttlat ri 'r i teis ott natural historl '

neclicinc, rrirthcmaiics, instntlrentation, t l lechlirics' and chcntistry rrsed the

u orcl science ihroughout the Elizabetharr pcriocl both as a collective ternr and to

clcirote incli l icltral scicrtces. I he srrrcl appcars utost often aurrlng tnathenatical

ancl rreclical artihors: btrt it also creeps into lhe crou tr 's laugtrage for the letters

patcnt issued ior lcc lrrrological inrcrrtiotts in to the rvorks of popular ar rthors l ike

Donalcl Luplon rrho ircre uot nrit ing on scictlce but on thc city ofl 'ondon' ar.rcl

cr en into lhe queen s official Pronoullcell leilts on i lventions and nottopolies'

B\ conir.lst. \ en tln ofthe Elizabethans I studied dcscribed their rvork as natural

philosophi. Nor clid they' use anl of the other tcrms that have been suggestcd to

rne rs nore Iristoricalll' sensitive altcrnatives to the rvord science, ir'cllt)ing pnt-

ductive knowledge, imitatingnahLre, or utility for the cotnmon good And so I had

to makc a choice rvhcther to use thc coliective term at least some of rry historical

subjects used to describe their cfforts or to adoPt a tern that norle of them used

but u,hich most historians of scieuce insist is correct and more historicallr '  t lu-

ancecl. I t lccicled to ttse science, just as my subiects did, bccause this struck ne as

t l r ,  l t  :n l  ar  rachror r i t l tc  a l lerna t i r  r '
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xlul ANote About "Science"

caries, surgeons, and physicians were recognized occupational headings, and I
also found one City record for an "alchemist," one for a "wizard," and a handful
of references to "mathematicians." I use the modern terms technology, techni-
cians, and engineers to refer collectively to avenues of inquiry and individuals
who appeared in Elizabethan records only in connection with very specific ac-
tivities: "clockmaker," "furlace maker," and "maker ofgun-stocks,', to give a few
examples. There were no contemporary City records that referred to botanists or
zoologists, although some Elizabethans did use the word botanographer to de-
scribe plant hunters and expert gardeners. For ease and corrsistency I followed
one of my subjects, Thomas Moffett, in using the term naturalist to describe
uren and women interested in plants, animals, fossils, and ancient forrrs oflife.
When discussing these areas ofnatural knowledge, I use th e term natural history
even though none ofmy historical sublects did so.

The passages I have indexed which include contemporary uses of the word
science are representative of the Elizabethans who used the term but are rn no
way exhaustive ofall the examples that I found in the books and manuscripts of
the period. Readers will appreciate that to make an exact catalogue ofevery Eliz-
abethan use ofthe word sciance would make this a very different book. So, too,
would any attempt to go back to medieral manuscripts and forward to the seven,
teenth and eighteenth centuries to see how the use ofthe word scjence changed
in earlier and later vernacular English writings. Both of these endeavors would
trace historical developments over time, and both would be worthy studies, but
my concern here was to describe the study of nature at a particular place and at a
particular t ime.
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PrehLde

only brinful ofcuriosities, but so popular also that oue simply cannot waik along

the streets for the crou'd," nrote Sn'iss visitor Thomas Platter in 1599. Eliza-

bethan Londoncrs rvere sophisticated and cosrnopolitan, l iving chcek bv iorvl
rvith irnrrigrants fiom France, the Netherlands, Spain, Portugal, and Italy. The

City's residents included Africans, Ottoman'l irrks, and lervish con't 'ersos. IIer

foreign population rvas both a great asset and a grcat source of anrielv. ' l 'hc irrt

migrants brought new trades l ike pinmaking and glassmaking, as n'ell as uerv

ideas for ri 'aterrvorks and other engineering projccts, but thel also incrcased the

stress on already overbrrrdened job and housing rrarkets. Life on the Citlrs

streets, belou' the church spires and uuder the ualkrvays of the lixchangc, u'as

both crcativc ard corrpetit ive - the ideal environment for cLrltural and intellec-

tual change.

Among the bustling crowds lvere hundreds of rlen and worren rvho strrdied

and exploited naturc. Though they lacked a single building l ike the Globc Thc-

atcr to draq' the eve ofa passing stranger, at street level thev nadc up a recogttiz-

able ard important feature of London life. Thesc naturalists, rredical practi-

t ioners, mathematiciarrs, teachers, invcntors, and alcheuists not onll actively

stndied the natural u'orld; thev rvere also interested in how that study could ben-

cfit human lives. Durhg lhe age of Elizabeth, London rurhrred the develop-

rnent of an empirical culture-the culture of the Scientif ic Ro'olutiol. While

nenbers of the royal court occupied thcmsclvcs rvith threats foreign and do-

nestic, and the univcrsities of Oxford and Cambridge still debated the authoritv

of ancicnt tcxts, the residents of Londolt were bus1, constructing ingcnious tne

chanical devices, iesting nerv meclicines, and studying the sccrets of uature.

There rvould have been no Scicntif ic Rcvolution in England u'ithout the intel

lectual vitality prcscnt in Elizabethan London, for she provided later screntrsts

with its foundations: the skil led labor, tools, techniques, and errpirical insights

that were necessary to shift the study of nature out ofthe library ancl into the lab-

oratorv.

To understand hou' London helped bring about such a change, it is helpful to

retum to her streets. St. Paul's catheclral, built in the Middle Ages to signifi Lon-

don's devotion to God, had stood for centuries as the rnost important landnark

in the square-nile ccntcr of u'hat was knorvn simply as "tl ie Ci$"' (Figure z).

Elizabeth I had launched nunrerous schemes, including a public lottery', in an

effort to rebuild the damaged church. Despite its dirrinished height, St. Paul's

remained the City's ecclesiasiical center in 16oo. Outsidc, preachers in open-air

pulpiis urged throngs ofLondoners to repent and nend their ways, raising their

voiccs to be heard over the bootsellers and printers u'ho had made the church-

yard precincts their hone for the past century. Where once it had becn thc rcli-
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ofEcial residence rvithin London's walls. Palaces in nearby Westurinster and
Greenwich put the queen within easy reach ofthe City in case ofsenous rnter-
nal troubles, and within easy reach ofthe Tower ofLondon in case a foreign iu-
vasion was threatened. Such threats were frequent in the half-century before
r6oo, especially in the years leading up to and away from the great naval battle of
the Spanish Armada in r588, when rumors of impending danger spread like wild-
fire in the Ciq,'s streets. Most foreign threats stemned from the continuing reli-
gious antagonisms between Protestant England and her Catholic neighbors
Scotland, France, and Spain. In 16oo, despite England's victory against Spain,
the rumor mill still suggested that there was a lesuit hiding in every cupboard
and a Spanish assassin lurking around every corner. Aud in fact espionage was a
comnon feature of life in London, with French agents, Italian double-agents,
and English spies frequenting the alleys and taverns to gather news and intelli-
gence.

Within these landmark buildings, on the streets around then, behind shop-
fronts, and upstairs in residences throughout the City, nen and women were
studying and manipulating nature. This book is about these ninor vernacular
figures and their small successes, trial-and-error progress, and mundarre asprra-
tions. It is about the powerftrl partnership that existed in London between col-
laboration and competition, which often,led to a heated but amiable discussion
of ideas about nature in English rather than a publication of them in Latin. It
provides an account of a relatively brief period in London's history and of the
men and women who studied the natural world and tried to firrd better ways to
harness its power and control its processes. They pursued this course by examrn-
ing their own experiences as well as by repeatedly testing and verif ing the expe-
riences of their friends and rivals, thus taking steps toward experinentation. In
Elizabethan London we can see how students of nature eagerly embraced the
new print culture that was available to them but preserved the vibrant manu-
script culture of the medieval period in their notebooks and recipe collections.
By sketching out this vital world and exploring the ways in which the City of
London functioned as a center for ilquiry into and debates about nature, I am
contributing to an ongoing historical project to situate the work ofa small hand-
ful ofacknowledged scientific geniuses within the denselysocial communities of
practice that surrounded them.

Readers who want to learn more about Isaac Newton, Robert Boyle, Robert
Hooke, Edmond Halley, and the other geniuses ofthe Scientific Revolution -
and it is important to do so - rnay find this book unsatisfying. Here the most
well-known figure you will encounter is Francis Bacon (r56r-1626). Though not
a genius in the sense of Newton or Boyle, he was a visionarv. Born and bred in
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Prelude

result that Bacon becomes less of a prophet and more a man in search of a posi

tion heading up this remarkable activity.

ln the following pages I present multiple views of science as it was practiced

during Bacon's l ife in the City ofLondon. Instead offocusing on a single rnstrtu-

tion or a particrrlar kind of inquiry into nature, I am interested in the great vari-

ety and communal character of Londor's science - the very qualit ies that most

disturbed Bacon. In Bacon's London, ordinary, foreign- and nativc-born Lon-

doners engaged in collaboration and competition over matters ofnatural knowl-

edge with an urban, rather than a gentlemanly, sensibility. The urban sensibili$

that shaped the study of nature in Elizabethan London emerged from the

densely overlapping obligations, ties, and community affiliations that were Part
of City life during the early modern period. London thrived when ils residents

embraced complicated partnerships behveen opposing urban forces partner-

ships bctween private ambitions and public interests, English natives and for-

eigr inmigrants, market forces and collegiality, variety and coherence. While

gentlemen like Bacon may have seen this urban sensibil i ty as chaotic, it never-

theless shaped hor,r'Londoners approached the natural world. Not l imited to

artists, skilled craftsnen, or rrenbers of the City's formal guild and livery con-

pany structure, this urban sensibility was shared by most Londoners. City resi-

dents belonged to complex social nehvorks that included farrily members,

occupational acquaintances, neighbors, and other friends. In London, l ike-

minded students of nature were drawn together through face-to-face rnterac-

tions, residential proximity, and a shared desire to exchange books, specirnens,

techniques, and tools. Through thick description and the mapping ofsocial and

intcllectual nehvorks among individuals and behveen communities of practi-

tioners, I sketch a picture of urban science that is striking in both its complexiq'

and its functionality.

London, as a house ofscience and a prototype ofa modern laboratory, worked.

Despite the abserce ofa single institution to order and control it, her urban sen-

sibility helped London practitioners successfully investigate nature, nediate

conflicts over knowledge claims, collaborate on projects, expertly adjudicate dis-

putes over rnethods, train new practitioners, seek financial support from crvrc

and court figures, and negotiate their way through the challenges ofstudying na-

ture in a crowded urban setting. With respect to science, the urban sensibility

shared by Londoners had three irnportant features. First, men and women living

in the City expected that their work would be publicly krown even ifit were not

published, because itwould be studied and evaluated by other Londoners, espe-

cially those involved in similar occupations or trades. Trade associations like

the Crocers' Cornpany and the Barber-Surgeons' Company, for example, were
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Prelude

colleagues and collaborators, argued about knowledge claims and proccdures'

wageJwar with competitors, and struggled to come to terms with a confusing

anJ rapidly changing world. hr the Middle Ages, ancient authorities like Aris-

totle and Galen had been the ttltimate arbiters in disputes about nature and sci-

ence. In the sixteenth century however, such conflicts were more difficrrlt to set-

tle. Nicolaus Copernicus and fohannes Kepler had sketched out a new heaven,

and explorers were rapidly charting an entirely new world ftill offlora and fauna,

like the alligator and the tomato, that defied description and challenged the an-

cient encyclopedias that Elizabethan Londoners still consulted for information

'tb be in London during the second halfofthe sixteenth century was to be in a

state ofheady confusion when it cane to natural knowledge and questions ofsci-

ence. Every ship that put in at a London dock might contain new materials that

needed to be classified and understood, each new book rolling offthe presses at

St. Paul's could contain a radical idea about the natural world, and the experi'

rnents undertaken in London had, at any moment, the Potential to bring long-

held beliefs into question.
Yetthe Elizabethans, for all their energetic and enthusiastic work studyingthe

natural world, were responsible for only a few scientiFc breakthroughs How,

then, can theirstories help us to understand the Scientific Revolution? Their sig-

nificance lies not in the elucidation of new formulas or the construction of new

cosnological systems, but in the ways that they organized their communities and

seftled disputes; the value they placed on the acquisition ofvarious literacies (in-

cluding mathematical, technical, and instrumental literacies);and the practices

they dweloped that led to an increasingly sophisticated hands-on exploration of

the natural world. These contributions, I argue, laid the social fonndations for

the Scientific Revolution in England and did the groundwork that was required

so that a man like Bovle knew whom to ask, and what to ask for, when he sought

out a man to assist him in his air pump experiments. Every seemingly isolated

"great man" of science in the early nodern period was surrounded by a "great

mass" of workers, assistants, and technicians. ln this book I help explain where

this great mass came from, and how they developed their skills and knowledge'

By examining six emblematic cases in Elizabethan London, we will survey

the social foundations ofthe Scientific Revolution as they were laid in the City,

and come to know the people and the practices that inspired Bacon to conceive

Salomon's House. Vivid portraits will emerge ofindividual practitioners and the

challenges they faced when attempting to come to terms with the conplexities

ofthe natural world. Networks of intellectual exchange and conmunities of in-

quiry can be mapped onto the terrain of Elizabethan London in ways that illu-

minate the blind alleys and surprising twists and turns taken as science became
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Prelude

patients bcgan to shou serious side effects, a handfnl of Barbcr-Surgeons de-

cided to exploit the Cih's love-hate reiationship with forcigners ard foreignness.

The English Barber Surgeons began a concertcd publishing canpaign that po-

larized London's rncclical marketplace. Through competit ion and collabora

tion, Loncloners began to form recognizable communities ofcxpert Practrtroners
during the age of Elizabeth, and successive gencratiorts of these comtrtunities

continueclto provitle resourccs and to shape the studl ofnature u'ell into the ser,-

enteenth ccntury.

!rom a focus on commur.rit ies, rve tnrn to a focus on l iteracics. lb thrive in Lhe

Elizabethar.r City, Londoners neecled to havc (or bc perceived as having) sone

special expertise and thc nrost porverful forms ofexpertise often relatecl to one or

rnorc forrns of l i teracy. While rve think of l i teracy as the abil itv b rcad and per

haps u,rite, Fll izabethan Loncloners R,ere eager to gain a broadcr range ofl itera-

cies. They rvanted to knorv nathenatics - to usc arithnetic to keep accounts

and geometry to fashion instrurnents. ' l 'he abil ity io manipulatc and use sttch in-

struncnts \r 'as another kind ofl iteracy, as I explain in Chapter 3. In "Educating

lcarus ard Dispiaving Daedalus: N'latherratics and Instrumcntation i l Eliza-

bethan London," r, i,e explore hou' instrumcnt nrakers, ir concert rvith nathc-

matical eclLrcators and civic leaders, put the acquisit ior.r of mathematical and

instrumcntal l i tcracy at the forefront ofLondon's educational priorit ies. Enpha-

sizing the uti l iLy of nathematics, and the development ofaccuratc problent-solr-

ing skil ls, these l,ondoners rvantcd the Cib to stand at the vanguard ofEnrope

rvhen it came to thc practical application of rnathematical knou'ledge. Though

conflicts broke out over lrhether mathenatics rv:rs a suitable subject ofstudy for

ordinary Loncloners, mathenratics had the backing of sorne of the Ciiv's irost

porverfuJ cit izens. Their support cnsurcd that the coumuni\ ' of mathenaticians

and technicians thriveii, challenging the ancient idea that thc l ife of the rrind

ard the l ife ofthe hands nust be kcpt distinci.

In Chapter 4 I take London's conccrn for multiplc forrns ofl iteracy and exarr-

ine the development ofan Elizabcthan "Big Science" that depended upon cit i-

zcrrs u'ith instrumental and technical l i teracy as rvell as the financial and poJiti-

cai support ofthe cronn and City investors. Elizabeth may not have bccrr a dircct

source ofpatronage along the l ines ofthc Holl Roman Emperor Rudolfl l  or the

\l ledici princes, but she u'as a shrervd businesswornan who used her secretary of

state, Will ian Cecil, and his staff of informants to ensure that England u'ould

r.rot bc lcft behincl technologically. In "'Big Science' in Elizabethan London' I

examine how F,lizabeth promoted science bv offering invcntors rnonopolies

on technical dcvclopments, including corn nil ls, fuel efficiert ovens, lvater

pumps, and methods of processing metals. Conpetitors resorted to espionage
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14 Prelude

lost but only misplaced. My intention was to write a book that could serve as a

kind of Baedeker's guide to a strange and unfamiliar City in an effort to help

readers explore this overlooked landscape and its inhabitants by immersing

them in the sights, sounds, snells, and personalities of science as it was under-

stood in London during the Elizabethan period. At the end ofthe book' for read-

ers interested in what I think these stories have to offer historians ofscience and

the urban experience, there is a coda in which I try to situate my work in the con-

text ofother scholarship in the history ofscience in general and early modern sci-

ence in particular. Scholars who have thumbed through this introduction in

vain for references to academic arguments about the Scientific Revolution and

feel it essential to understand my methodology and point of view at the outset

will want to read that coda now. But I hope that many readers will be willing in-

stead to turn the page and slip among the naturalists on Lime Street, where our

tour of the City starts with fames Carret, a Flemish apothecary with some very

bad news for a London publishing house. Garret will be the first ofmany guides

who will point out the buried but still discernible social foundations ofthe Sci-

entific Revolution in Elizabethan London.




