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ufud;éﬁrénf.l the cultural and intellecrual context in
which he creaced it Scientific ideas do noc occur in o vec-
uum. They are always shaped by cultural perceptions and
values, and b]- the technologies available ar che time. The
entire ¢onstellation of conceprs, values, perceprions, und
pracrices—the “scienrific paradigm” in the cerminology of
science historian Thomas Kuhn—provides che contexe chat
Is necessary for scientists to pose the grear questions, orge-
nize their subjects, and define legitimare problems and solu-
cions." All science is buile upon such an intellectual and

cultuesl foundacion,

Hence, when we recopnize ancient or medieval ideas
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reflected in Leonarde's scientific writings, this does not mean char he
was less of a sciencisr, as has sometimes been asserted. On the CONTrary:
Like every good scientist, Leonardo consuleed the traditional rexes and
wsed their conceptual framevwork as his scarting point. He then tested
the creditional ideas against his own scientific chservarions. And, in ac-
cordance with scientific method, he did noc hesicace to madify cthe old
theories when his experiments concradicred them.

THE REDISCOVERY OF THE CLASSICS

Before we examine how Leonardo developed his scisntific merhod, we
need o undersrand the principal ideas of ancient and medieval narural
philosophy, which formed the intellscral coneext within which he op-
ereced.” Only chen will we be able to truly appreciate the transforma-
 tive nature of his accomplishmenes,

The ideas of Greek philosophy and science, on which the Renais-
sance worldview wes based, were ancient knowledge, Yet for Leanardo
and his contemporaries, they were fresh and inspiring, because maost of
them had been lose for centuries. They had been rediscovered only re-
cently in the original Greek rexts and in Arabic translecions, As che
[talian humeniscs studied a wide varj;ary El_-:.‘l&sziil:gl cexes and cheir Ara-
bic elaborarions and criciques, the Renaissance redistévered che classics,
as well as the concept of cricical thinking.

During che Farly Middle Ages (sixch through tenth cenruries a.n.),
also known us the Dark Ages, Greek and Romanditersarure, philosophy,
and science were largely forgoreen in Wesceen Furdpe. Buc the ancient
texes had been preserved in the Byzantine: Empire, along with the
kenowledge of clessical Greek.* And so :]:cl'l'rﬂlian humanists repearedly
journeyed to che East, where they acquired hundreds of classicsl
menuscripts and broughr them to Florence, They also escablished a
chair of Greek ar the Studium Generale, as the Universicy of Florence
wes called, and attracred eminent Greek scholars o help them read and
interpret the ancient rexts.

In antiguiry, the Romans were in awe of Greek art, philasophy, and
science, and cheir noble families often emploved Greek incellecruals as
tutors for cheir children. Bur che Rermans chem selves hardly produced
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any original science, However, Roman architects and engineers wrote
many important treacises, and Roman scholars condensed the sciencific
legacy of Greece inro lacge encyclopedias thar were popular during the
Middle Ages and the Renaissance. These Latin texes were eagerly con-
sulted by the humanise artists and incellecouzls, and some were teans-
lated into the [talian vernacular.

In che seventh centucy, powerful Muslim armies, inspiced by the
new religion of Islam, burst forch from the Arabian peninsula and in
SUCCESSive Invasions f:ﬂnr.]uﬁlrfﬂ peoples in fhe-Middle Easc, across
Norch Africa, and in Southern Europe. As chey built their vast empire,
they not only spread lslam and che Arabic language, bur also came in
contace wich the ancigpe cexts of Greek philosophy and science in the
Byzantine libraries. The Arabs deeply sppreciered Greek ‘lezrning,
translated all the importane philosophical and sciencific works inco
Arabic, and assimilaced muoch of che science of anciquity ineo their cul-
cure. ! X

In contrast to the Romans, the Arah scholass not only assimilated
Grreek knowledge bur examined it critically and added cheir own cpm-
mentaries and innovations. Numerous editions of chese texes were
housed in huge libraries throughour the Islamic empire. In Moorish
Spain, the grear library of Cérdoba alone concained some six hundesd
thousand manuscriprs,

When the Christian armies confronced Tslam in cheir military cou-
sades, cheir spoils ofren included the works of Arb scholars. Among
the treasures lefr behind by the Moors in Toledo when chey recreared
was one of the finest Islamic libraries, flled wich precions Arabic trans-
letions of Greek sciencific and philosophbical sexcs. The occupying
forces included Christian monks, who quickly began to translace the
ancient works into Laein. A bundred years later, by the end of the
twelfth cencury, much of the Greek end Arabic philosophical and sci-
entific hericage was availzble to che Lacin Wese.

Islamic religicus leaders emphasized compassion, social justice,
atid a fair distribution of wealth, Theological speculations were seen as
being far less important and therefore discouraged.® As & resulr, Amb
schalars were free to develop philosophical and sciencific theories wich-
out fear of being censored by their religious auchoriries.

Christian medieval philosophers did nar enjoy such freedom.



146 f LEOMARDO, THE SCIEMNTIST

Unlike their Arab counterperes, they did nor use che ancient cexts g
the basis for their own independent research, bur instead evaluated
themn from the perspective of Chriscian theology. Indeed, most of them
were theologians, and their praceice of combining philosophy—in-
cluding natural philesophy, or science—wich rhealogy became known
as Scholasticism. While early Scholastics, led by Saint Augusrine, at-
tempted to integrate the philosophy of Plato into Christian teachings,
the height of the Schalasric cradivion was reached in che twelfth cen-
tury, when the complete writings of Ariscocle became available in
Lzcin, usually translaced from Arzbic texrs. 1o addicion, che commen-
taries on Aristorle by che geear Areb scholars Avicenna (Iba Sing) and
Averrogs (Ibn Rushd) were translared into Lacin.

The leading figure in che movement o weave the philosophy of
Aristotle into Christian ceachings was Szint Thomas Aquinas, one of
the rowering intellects of the Middle Ages. Aguinus taughe thar there
could be no conflicr berween faith and reason, because the cwe boaks
on which they were based—rhe Bible and che “book of narmire"—were
boch auchored by God. Aquinas produced a vase body of precise, de-
railed, and systemaric philosophical writings in which he integracsd
Aristorle’s encyelopedic warks and medieval Christian theology inro a
magnificent whole. :

The dark side of chis searnless fusion of science and theology was
thar any contradiction by furure scientises would necessarily have 1o be
zeen as heresy. In this way, Thomas Aquinas enshrined in his writings
the petential for conflicts becween science and religion—which indeed
grose chroe cenoaries later in Leanardo’s anaru}ﬂﬂ-ﬁﬂl research,’ resched a
dramaric climax wirh the el of Galilea, and Bav® continued o che

present day. :

THE INVENTION OF PRINTING

The sweeping intelleccuzl changes chat took place in the Renaissance
and prepared the way for the Scientific Revolurion could not have hap-
pened withour a technological breekthrough that changed cthe face of
the world—the invention of princing. This momencous advance,
which rook place around the time of Leonarde’s birth, zceuslly invelved
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a double invention, thar of cypography (the art of princing from mov-
able rype) and that of engraving (of princable piceures). Together, these
inventions macked the decisive chreshold berwesn che Middle Ages
end che Renaissance.

Printing introduced twa fandamental chenges to the distriburion
of texrs: rapid diffusion and standardizacion. Boch weze of teemendaous
importance for che spread of scientific and technologica) idsas, Once a
rage had been composed by the typesetrers, it was easy to produce and
distribute hundeeds. or thousands of copies. Indeed, afrer Johannes
Gutenberg printed his famous forcy-cwo-line Bible-in Mainz around
1430, the arc of Eril_ﬁing' spread aceoss Europe like wildfire, By 1480
there were over a dozen printers in Rome, and by the end of the cen-
tury Venice boaseed around one bundred printers, who turned this city
of grear wealch into the foremost printing cenrer of Eueope, It has been
estimared thar the 1’ enecian princers alone produced abour 2 million
volumes during the ffteentt century.®

For the dse of science, che preduceion of standard cexts was as im-
portant as cheir wide disseminacion. With che use of the printing 1*:-r4::-5.5,
eexts could not only be copied exacely, bur were also laid our identi-
cally in each copy, so thar scholars in different geographice] locarions
could refer ro a particular passage on a specific page withoue ambigo-
ity. This had never been easy, nor dependable, in hand-copied medieval
MANUSCIipLs,

The production of standasd copies of images char served as illustea-
rions of rexts was perhaps even more important, and this is where the
invencion of engraving becume en indispensable complement to cypog-
raphy. Whereas the picturss in ancient manuscriprs aften lost detail
with each new manual copy, the use of woodcuts and copper plates now
made it possible 10 peproduce illustracions of plancs, anacomical de-
rails, mechanical devices, scientific apparatus, and mathemacical dia-
grams with complete accuracy. Those images were valuable standerds
to which scholars could easily efer.

Leonardo wes well aware of chese cremendous advancages of prine-
ing and keenly interested in che rechnical details of the princing
process throughour his life.” Among his sarliest drawings of mechani-
cal devices in the Codex Aclancicns, from che vears 1480-82, is one of
a cypographic press with an automaric page feeder, an innevetion chat
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Figuve 5-1: The vertebral column, ‘. 1_5_-“5'!
Awatomifeal Sindies, folip 139 -
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was o reappear 2 couple of decades later. As he expanded his scientific
reseaech, Leonardo became increasingly aware of the need o dissemi-
nate printed versions of his treatises. Around 1505, while he painted
The Batle of Asghiari in Florence and weere his Codex on the Flighr of
Birds, he even invented a novel prinrting meched for the simulraneous
reproduction of rexes and drawings. This was 2n excrzordinary forerun-
ner of the method introduced in che late eighreenth cencury by the

¥ o tanad b S i '.'-\.r..l.-l-.f'.-a-ﬂ.ﬁ
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Romancic poet and artise William Blake, whe was also a professional
engraver.”

A few years later, at the heighe of his anaromical work in Milan,
Leonardo added a cechnical note sboue the reproduction of his draw-
ings to his famous assertion of the superioricy of drawing aver wr‘lring.f'
He insisted char his anacomical drawings should be princed from cop-
per plates, which would be moce Ex el Ve I:hi.'ﬂ_'.L woodeurs bur much
more effective in rendering th-:':* fine decails of his-work, "I beg you who
come alter me,” EE wrore on the sheet chat concains his magnificent
drawings of the vercebral column (Fig. 3-1), "net to lec avarice con-
strain you to make tlie prints in [wood}. "

¢

caTHE WORLD OF EXPLORATION

dg .

While explorations of the rediscovered classical rexes greacly exrended
the intellecrual frontiers of the Italian humanists, their physical Eron-
tiers were also being exrended by the geographical discoveries of the
famous Portuguess explorers and chose who followed them. The
Renaissance was che golden age of geagraphice! explorasion. By 1600
the surface aof cthe known world had doubled since medieval times.
Entirely new regions, new climates, and new aspecrs of narure were be-
ing discovered. These exploracions generaced a strong interest in biol-
ogy, or "natural hiscory™ as it was called ac che time, and the greac
ocean voyages led to numerous improvements in shipbuilding, carcog-
raphy, ascronomy, and other scicnces 2nd cechnologies aseociated with
Mavigarion.

In addition to the explorers’ seafaring voyages, new regions of the
Earch were being discovered, even in che very hears of Europe when the
first mounczineers vensured into the highee altiendes of che Alps.
During ehe Middle Ages it had been commaonly believed thar che high
mounczins were dangerous, not only because of the severity of their cli-
mares bur also because chey were cthe zbodes of gnomes and devils.
Mowr, with the new humanist curiosicy and confidence in human cape-
bilicies, the firse Alpine expeditions weee being undertaken, and by the
end of the sixteenth century, close to fifry summics had been reached. "

Leonarde fully embeaced che humanisc passion for explorarion, in
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barh the physical and mental rezlms. He was one of che first European
moeuntzineers' and traveled [requently wichin Iraly, explozing the veg-
ecacion, waterways, and geological formarions of the regions he visiced.
In sddicion, he delighted in composing hctitious rales of journeys o
meountzing and deserrs in farawsy councries.

These few examples from Leonarde's many interesrs and accivities
show s chat he was well aware of che incellectual, rechnological, and
culoural achievements of his time. From his early days as an spprentice
in Verrocchios workshop chrongh cthe years he fpenc ar various
European courts, he was in regular coneace with leading artists, engi-
neers, philosophers, historians, and explorers, and thus choroughly fa-
miliar wich the wide range of ideas and practices thar we now associzre
with the Renaissance.

THE ANCIENT VIEW OF TRE UNIVERSE

The foundation of the Renaissance worldview was che conceprion
of the universe thac had been developed in classical Greek science: char
the world was a &armer, an ordered and harmoniocus scructure, From ics
beginnings in che sixch century B.C., Greek philosophy and science un-
derstood the order of the cosmos o bé“that of 2 living orgenism rather
than a mechanical system. This meanc char all ieg parrs had an innete
purpose o contribuce co the harmonious funcrioning of the whole, and
thar objects moved nacurallys oward cheir proper places in the vni-
verse. Such an explanation of narural phengmena in cerms of cheir
goals, or purpoeses, is known as telealdgy, fomrthe Greek safas (pur-
posed, [t permearéd virtually all of Greek philosophy and science,

The view of the cosmos a5 an orggnism zlso implied for che Greeks
that its general propertics are reflected in each of its pares. This anal-
ogy between macrocosm and microcesm, and in perticular between the
Earth and the hueman body, was arciculaced mose eloguencly by Pleeo
in his Timaeas in the fousch century B.¢., bur it can alse be found in the
teachings of the Pychagareans and other eaclier schools, Over cime, chas
idea scquired the aurhority of common knowledge, which continued
throughour the Middle Ages and inco che Rensissance.

In early Greek philosophy, the ultimare moving force and source of
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all life was idencified wich che soul, and its principal metaphor was chas
of the breath of life, Indeed, the rooc meaning of both che Greek jryeke
and the Latin anima i "bresch.” Clasely assaciated with chat moving
force—rthe breach of life thar leaves che body ar deach—was the idea of
knowing. For the early Greek philosophers, the soul was both the
source of movement and life, and thar which perceives and knows,
Beceuse of the fundamental analogy becween micro- and macrocosm,
the individual soul wag thoughe o be pare of che force that moves the
encire universe, and an:nr-::[m_ﬁ]v the knowing ofan individual was scen
ag pare of a universal process of knowing, Plato called it the eoime
munrai, the "world soal.”,

As far as che corfiposition of matter was concerned, Empedocles in
the ffth century B.C. claimed char che marerial world was composed of
varying combinations of four elements—earth, water, air, and fre,
When left to chemselves, the elemenes would sertle inco concencric
spheres wicth che earth at ghe center, surrouncsd successively by che
spheres of water, air, end fire. Farther outside were the spheres of che
planees and bevond chem was the sphere of the stars, .

According ro che four-elemenr cheory, the arear variery of qualicies
we observe in maeerial objeces is che resule of combinations of four
pairs of qunliriés associated with the elemencs: cold and dry {earth), hot
and dry (fire), celd and wer (warer), and hor and wer (air), Half & cen-
tury after Empedocles, an alternative cheory of maccer was proposed by
Democritus, whoe raughe chac all macerial objects are composed of
atoms of numercus shapes and sizes, and char all observable qualities
are derived from the parcicular combinations of atoms inside che ob-
jects. His cheory was so antithetical o the ceaditional teleological
views of maccer chac it was pushed inco the backaround, where it re-
mained throughous che Middle Ages and che Benaissance. It would
surface zgazin only in the sevencteenth century, wirh che rise of
Newtonien physics. ™

Even if the properries of mareeial objeces could be seen as arising
from varions combinarions of the basic qualicies inherenr in che four el-
ements, the Greek philosophers still faced che problem of how chese
combinations of elements acouired che specific forms we s2e in natuee,
The first philosopher co address the problem of form was Pyrhagoras in
the sixth century B.C., who founded a cultlike school of mathematics,
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known as Pychegorezns. He and his disciples believed chee numerical
patterns and ratios were ac che origin of all forms, Wich chis associa-
tion berween che concrete woreld of natural forms and the absceace
realm of numerical relaricnships began the link berwesn science and
mathemartics rhar would become the foundation of classical physics in
the seventeenth century.

The Pythagoreans divided the universe into two realms: the heav-
ens, in which che stars revolve in celestial spheees according to perfect,
unchanging machemaricel laws; and the Barch, in which phenomena
are complex, ever changing, and imperfect. Plato added his own refine-
ment o this picture. Since che circle is the mose perfect geometrical
figure, he argued, che planets, like the stars, must move in circles.

ARISTOTLE'S SYNTHESIS OF SCIENCE

For science ar the time of che Rensissance, the most ignporeanc Gresk
philosopher was Aristoele, A student of Pleeo, Aristotle was by far the
mast brilliane in Plato's Academy. But he was quite different not only
froni his reacher, bur also from all his predecessors. Ariscotle was the
[rst 1:.]1 lm.uphEI 0 WrLE s}-srrmarlr an-:Eundl treatizes abour the
main branches of learning of his cime. He synthesized and organized
the entire scientific knowledge of antiguiry in a schemie char would re-
main the foundation of Western science for two thousand years. And
when this body of knowledge was fused with Cheistian checlogy in the
Middle Ages, it acquired the starus of religious dogma.

To integrate the main disciplines of his” tishe-rbiology, physics,
merzphysics, ethics, and politics—inro & coherent theoretical {rame-
wark, Aristotle crearsd] a. formal 5:Lrtr.|:|:m.c:f: logic and a =t of unifying
principles. He stated explicitly that che goal of his logic was o learn
the art of sciencific investigation and reasoning. It was to serve a5 che
rational instrument for all sciencifc work.

As a scientise, Aristotle was firse and foremost a biologisr, whase
ohservations of marine lile were unsurpassed untl the nineteenth cen-
tury. Like Pythagoras, he distinguished between matter and form, bue
as a binlogise he knew thar living form is more than shape, more than
a static configuration of component pares.” His highly original ap-
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preach to the problem of form was co posic that mateer and form are
linked chrough a proeess of development. [n concease wich Plato, who
believed in an independenc realm of idezl forms, Aristotle held chat
form has no separate existence buc is immenent in matcer. Nor can
maccer cxist separately fraom form, By means of form, che essence of
matrer becomes real, or actual. Arisvotle called this process of the self-
cealization of marter srvalechy (self-complecian). Macter and form, in his
view, are cthe two sides of this process of development, separable only
through abstracrion. _l s e

Arisrorle associated his ens fecky with che ceadicional Greek concepr
of the soul a5 the sougce of E[iFe."' The soul, for him, is the source oot
only of bodily morion”bur also of the body's formarion: It is the form
that reelizes irself in che changes and.movements of che organic body.
Leonardo, as I shall show, edopted the Ariscorelian concept of the soul,
expanded ir, and transformed ir inco & scienrific cheory based on empir-
ical evidenee ™ N G

Arisrotle concsived of the soul as being buile up in successive lev-
els, correspanding ro levels of organic life. The firse level is the “vege-
tative soul,” which concrols, as we would say today, the mechanical and
chemical changes of the body's metabolism, The soul of plancs is re-
sericced to this metabolic level of 2 vital force. The nexe higher form is
the “animal soul,” characterized by autonomous motion in space and
by sensarion, char is, feelings of pleasure and pain. The “human soul,”
finally, includes the vegerable and animal souls, bur irs main characrer-
15tic 15 reason.

In cerms of physics and ascronomy, Ariscectle adopred rhe
Pychagorezn ancithesis becween the terrestriz] and the heavenly worlds,
From the Earth to the sphere of the Moon, he taught, all things con-
stantly change, generating new [orms and then decaying again; above
the Moon, the cryscalline spheres of the planers and scars revolve in
ececnal, unchanging moelons. He subserilbed to che Platanic idez thae
the perfecrion of che celesrial realm implies thar the planets and scares
mave in pecfect ciccles. Aristotle also accepred Placo's view that divice
souls reside in che heavenly boclies, and thar chey influence life on
Earth. This idea lies ar che oot of medieval ascrelopy, which was seill
very popular during the Renaissance, Leonardo, however, emphacically
rejected ie.'®
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Following Empedocles, Aristotle maintained that all forms in the
world arise from various combinations of the four elements—earch,
water, air, and fire—and he saw che ever-changing mixtures of ele-
ments as the source of the imperfection and accidental nature of mare-
tial forms. The four elements did nor always remain in their assigned
rezlms, he stared, bur were conseantly disturbed and being pushed inmg
neighboring spheres, whereupon they would nartarally ory co recurn o
cheir proper places. With this argument, Ariscotle tried to explain why
rain falls downward chrough the air, while air drifts upward in warer,
and the flames of fire rise up into the air. He strongly opposed the at-
tempt by Demacritus to reduce the qualiries of matter to quantitazive
relations berween aroms. It was because of Aristatle's great auchority
that the atomism of Democritus was eclipsed by teleological explana-
cions of physical phenomena throughoue anciquicy 2nd the Middle
Ages.

For Aristotle, all activities thae occurred sponraneously were natwo-
ral, guided by the goals inherent in physical phenomena, and hence oh-
servation was the proper means of investigating them. Experiments
that altered natural condizions in arder o bring to lighe some hidden
pfopercies of marrer were unnaturel, As such, chey could nor be ex-
pected to reveal che essence of the phenomens. Experiments, Aristatle
raught, were cherefore not proper mesns of investigation, and indeed
the experimencal method was net essential to Grték science,

Aristotle’s treatises were the foundarion of philosophical and scien-
cific thoughr in the Repaissaree. But the humanist scholars also read
Plato and various rexts from che eaclier traditions of Greek narurzl phi-
losuphy es well as the more recent rreatises By Arab scientists. Thus,
different schools of thought svon arose thae followed one or another of
the ancient philosophers.. In [.ﬁﬁiﬂ?uhﬂ_r:. there was a lively debace be-
rween the Placonists, for whom only ideas were real and che world of
the senses was illusory, and che Aristorelians, for whem the senses pro-
vided realicy and ideas were mere abscraceions,

Florence under the Medici was the cencer of Platonism. Milen, un-
der the influence of che universities of Padua and Bologns, was pre-
dominently Aristotelizn. Leonardo, who spent many years in both
cities, was well aware of the philosophical debates between the two
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scheols, Indeed, the temsion becween the Platonic [ascinarion with
mathemarical precision and the Aristotelian aerention co qualicative
forms and their teansformarions surfaces again end again in his wric-
ings. -

Renaistance science as a whole was characterized by 2 licerary
racher than an empirical approach. Inscead of observing narure, the
Italian humanists preferred co read the classical texes, In the words of
hisrorian of science George Sarton, “To study geometry was to study
Euclid; a geographical E{l:li-:"#m an edition df Prolemy; the physician
did not sty m-,::-;licln:, ‘he studied Hippocrates and Galen,™"

The classical Leearises [::crfia-:uv-:red in the Renaissance covered a
wide range of subjects, from are and literature co philosophy, science,
architecture, and engineering, As far as science, or “nacural philoso-
phy,” was concerned, the Renaissance scholars studied Grreck and
Arabic texes withire theee broad arcas: macthemarics and astronomy,
narural history, end medicing and anaromy,

MATHEMATICY AND ASTRONOMY
AT THE TIME OF LEONARDD

Greek cheoretical machemarics began during the lifecime of Plato, in
the fifth and fourth centuries B.C. The Geeeks tended to geometrize all
marhemzrical problems and seek answers in terms of geometrical fig-
ures. For example, they represented quanticies by lengths of lines and
peocluces of two guanticies by the area of recrangles. These methods
even enabled them to deal with irrarional numbers, representing the
number V2, for example, by the dizgonal of a sguare with sides of
length 1.

Severzl centuries earlier the Babylonizns hed developed u different

approach 1o solving machemarical problems, now known as algebra,
which began with simple arithmeric operations and then evalved into
more abserace formulations with numbers represented by leczers, The
Greeks learned these numerical and algebeaic methods cogether wich
Babylonian estronomy, but they transformed them ince their geome-
rical language and continued ro sce mathemaricel problems in terms of
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geometry. Flaro's Academy, the principal Greek school of natural phi-
losophy for nine cencuries, is said to have had a sign above its encrance,
“Let no one encet here whe does not know geometey.”

The culmination of the eacly phase of Greek mathematics was
reeched around 300 B.C. wirth Euclid, who presented all of the geome-
try and other mathematics known in his day in a syscematic, orderly
sequence in his celebrated Efemenes. The thirteen volumes of chis clas-
sical texthook weze not enly widely read during che Renaissance, bur
remnained rhe foundzacion for the ceaching of geomerry unril che end of
the nineteenth century. About one hundred years after Euclid, Greek
mathematics reached irs final climax with Archimedes, a brillianc
mathematician who wrore many imporeant teearises in whar we would
now call mathematical physics. Bur he was never as popular as Euclid,
His mathemarical work was so advanced that it was not understond un-
ril many ceneuries later, and his grear fame as an invencor eclipsed his
reputation as a mathemarician,

With the rise of Islam during che sevench and snbsequent cen-
curics, the Arab wotld became the cencer of machemaeical studies,
Arzh mechematicians rranslared and synchesized che Geesk texes and
also commented on imporcant influences from Mesoporamia and India,
OFf particular importance was the work of Muhammad al-Khwarzimi
in the ninth century, whose Kitaf af j.;r&r was the mast influential wark
on algebra from this period. The Arabic &f jzér fhinding together) in
ics title is the root of our modern word “algebra."=

Twao cenruries later, Persia prodouced an curstanding algebraist in
the poer Omar Khayyam, the world-renowned muchor of the Rudaiyat,
who was famous in his time for classifying cubiceqifacions and solving
many of them, Anocher Islamic scholar of that perioc who was very in-
fluencizl in the Renaigsance was the Arah marhemarician Alhazen (Ibn
al-Haitham), who wrote 2 brilliant creacise on the “science of perspec-
rive,” which included decailed discussions of geomerrical optics and of
the geomerrical principles of vision and the eye’s anaromy.

In the Renaissance, thus, marhemaricians had access to owo diffe-
ent approaches for solving mathernatical problems, gzomerry and alge-
bra. However, uncil the seventeenth cencury, geometry was considersd
e be mare fundamental, All algebraic reasoning was juscifisd in cerms
of geometrical figures in che tradition of Greek mathematics. In rhe
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seventeench cencury, chis dependence of algebra on geometry was re-
versed by René Descarees, the founder of modern philosophy and a
Brilliant marhemarician, who invented a mechod f[or associating alge-
braic equetions with curves and surfaces.™ This method, now known as
analyric geomecry, involves using Cartesian coordinates, the system in-
venced by Descarces and named after him. Long betore Descartes, how-
ever, the ficlds of geometry and algebrea were relared because both of
them were necessary for che development of an accursee science of as-
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For astronomy was sutely che principal physical science chroughoue
antiquiry. The Bahylopians successfully applied their numerical meth-
ads to compile ammnt:-min:all rahles. The Greeks used their geomerrical
approach ro conscruce elzborace cosmological models, involving the use
of trigonometry—which the Greek ascronomers had learned from
Hindu machematicians—ito decermine the distances berween celescial
bodies from their obderved apgular posicions.

When the conquests of Alexander the Grear made the observarions
and mathemartical mechods of the Babylonian eseronomers available o
the Greeks, they found it impossible co reconcile this improved data
with their Platonic idea of cireular planerary orbirs, Several Greeke as-
tranomers therefore abandoned che Plaronic-Aristocelian view and be-
gan o devise complex geocentric systems of cycles and epicycles to
account for the movements of the sun, moan, and planets. The culmi-
naticn of this development was reached in che second cenmury AT wich
the Prelemaic syscerm, which predicred che mocion of the planets wich
considerable accuracy,

Prelemy’s chirteen-volume crestise, He matfematie ryntaxis (The
Mathematical Collection) summmarized much of this ancienc sseronomical
knowledge. It remained the auchoritative texe on astronomy for four-
reen centurics. (It is indicative of the presrige of Islamic science chae
che cext was known chroughour the Middle Ages and the Renaissance
under its Arabic cicle, Afmagerr) Prolemy also published rthe Gesgrapiy,
which conrained decailed discussions of carrogrephic techniques and
an elaborate map of che known world. The book was prinesd in che
fifteench cencury under che eitle Cormoprepdy and became the most
popular geographiczl book printed from mowvable cype during the

R enaissance.
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NATURAL QISTORY

Throughout antigquity and in the centuries that followed, the study of
the living world was known as narural hiscory, and chose who pursued
it were known as naruralises. This was often an amareur eccivicy rather
then a professional occupation. It was only in the nineteenth cencury
that the term "biology” began to be widely used, and even then, biol-
ogists often continued to be called “naturalises”

In the ffteenth cenrury, books sboue natueal history still rended to
display some fascinacion with the fabulous, often imaginary beests that
had populaced medieval besciaries, At the time of Leonaedo, the redis-
covery of classical narural hiseory texts, togecher with che explorations
of new floras end faunas in che Americas, began to stimulate more se-
rious intersst in the smudy of living chings. The ideas of the encient
natural philosophers abour plents and animals were represented in
grear detail in the encyclopedic works of Aristotle, Theopheastus,

Pliny the Elder, and Dioscorides.™

‘Aristorle was che classical author most widely availzble o
Renaissance scholars, His numerows works included several treatises on
animals, including the Hirtaria animaliam {Hitary of Animals) and De
awinta (OF the Sond). While Adscotle’s observariong of plants were less
accurate than his observacions of animals, his disciple and successor
Theophrastus was 2 keen botafiical observer. His treatise De bintoria
plantarwm (OF the History of Plants) was a pionsering work chat made
Theophrastus famous as the “father of botany.™

In the firse century A0, the Roman natucalist Pliny the Elder
(Gaius Plinius) wrte, & mnﬂu:uema]”_f:l.'ll:j.ﬂ:]npudia citled Nataral
Hiseory, comprising 37 books in which almose 300 Greek and Roman
auchors are cited. It became the favorite scientific encyclopedia in the
Middle Ages, nor only because of its rich content bue also because i
was written in an informal seyle, While ir lacked sciz nethe rigor, it was
much easier and more plessant to read than the lsarned volumes of
Aristorle and che ather Greek philosophers. For most Renaissance hu-
manists, Pliny's name meant natural history icself, And his encyclope-
dia was the mose convenient entry poine to further research,
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Botany, fram ancient cimes up to the end of che sixceench ceneury,
wis often considersed a subdiscipline of medicine, since plants were
mainly studied for cheir nse in the healing arcs. For centuries the an-
thoricacive cext in this feld was the Materiz Medice by che Greek phiysi-
cian Dioscoricdes, who was & concemporary of Pliny

MEDICINE AND ANATOMY
4 .h ] .'.I

In prehistoric cultures atound the world, che origin of illness and the
process of healing. were gssociated with forces belonging co the spicit
world, and a greac vériery |:;-.F healing ricuzls and pracrices were devel-
oped to deal with illoess accordingly™ 1n Western medicing, a revolu-
sionary change occurred in Geeece in che ffth cencary B.C., with che
emergence of rhe scienrific medical cradicion associated wich Hip-
pocrares. There is no doubt thar a famous physician by cha: name peac-
riced and raughe medicine around 400 8.¢. on che island of Cos, bue the
voluminous writings aceributed to him, known as che Hippocratic Cor-
pus, were peobably written by several auchers ar differenc rimes,

Ar the core of Hippocraric medicine was the conviction thar ill-
nesses are not caused by supernatural forces, buc are nacural phenom-
ena that can be studied seientifically and influenced by therapeuric
procedures and wise management of ane’s life. Thus medicine should
be practiced as a scientific discipline and should include che prevention
of illness, as well as its diagnosis and crearmene, This arcitude has
formed the basis of sciencific medicine ta the present day.

Health, according to the Hippoceaeic weitings, requices a seace of
balance among environmenral influences, the way in which we live,
and the various componencs of human natuee. One of the mose impor-
tant volumes in che Hippocratic Corpus, the book on Advs, Waters and
Placer, eepresents whae we mighe now call 2 reearise on human ecology,
It shows in greac deczil how che well-being of individuals is influenced
by environmencz] faccors—rhe quality of eir, warer, end food, the to-
pography of the land, and general living habits. During che lasc two
decades of che fiftcench cencury, chis and several other volumes from
the Hippocratic Corpus were svailable co scholars in Lacin, most of
them derived from Arabic translations.®
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The culminarion of anatomiczl koowledge in antiguity was
reached in the second ceneury AD, wicth Galen (Claudius Galenus), &
CGreek physician who resided chiefly in Rome, where he had = large
practice, His work in anaromy and physiology, based partly on dissec-
tions of animals, greacly increased the ancient knowledge of che arter-
ies, brain, nerves, and spinal cord. Galen wrote over one hundred
erearises in which he summarized and systemarized che medical knowl-
edge of his time in accordance wich his own cheories. By the end of the
ninch century, all his works had been rranslared inco Arabic, and Lacin
cranslations followed in due course. The auchority of the Galenic reach-
ings was unchallenged until Leonarda’s time, alchough chey were nor
founded on derailed knowledge of human organs, His dogmaric doc-
crines acteally impeded medical progress. Nor was Galen successful in
carrelating his medical theories with corresponding therapies.

The medical bible chroughour the Middle Ages and the
Renaissance was the Canen of Medicine, written by the physician and
philosopher Avicenna (Iba Sina) in che elevench cenmry, A vast ency-
clopedia that codified the complere Greek and Arabic medical knowl-
edpe, Avicenna's Canen was more elaborace than Galen’s wotks and had
the advantage of being a single menumencal opus racher than a collec-
tion dispessed in many separaie reaciscs.

Medical reaching &t che greac u::j'n'trﬁiftif:i wag based on the classi-
cal texes of Hippocrates, Galen, and Avicennz, and chncencrzeed on in-
cerpreting the classics, wichour questioning them or comparing thein
with clinical experience. Practiding physicians, on the other hand,
many of them without medical degrees, used cheir own eclectic com-
binations of therapies.® The best of them §imgly relied on the
Hippocratic notions of clean living end che ability of the body to heal
itscit. e £,

Az medical cheory end praccice iu-::r&nsingl}- diverged, human
anatomy gradually became an independenc field of study. Leonardo da
Vinci, who became the greatest Renaissance anatomist, never pracriced
medicine. In face, Leonardo had a very low opinion of doctors. "Strive
to preserve your health,” he weote on a sheet of anatomical drawings,
“in which you will be the more successful che more you are wary of
physicians,"®

One of che earliest texes on anacomy wes the Anatomiz by Mondino
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de’ Luzzi, 2 professor ac Bologna in the fourteenth cencury. He wes one
of the few medieval teachers who aceually performed anaromical dissec-
tions himself.* His rext, much influcnced by che Arab interprecers of
Gralen, gave redimentary insteuctions for dissections witheur, however,
specifying the exacr position and nature of individual organs. Yet, be-
cause of its succinctaess and utilicy, Mondine's Amelomis was a standard
texthook in medical schoals in the fourceench and fAfteenth cencuries.

- T 'y
LEONARDO AND THE CLASSICS
S S

During the years of his extensive self-education in Milan,™ Leonarda
familiarized himself wich che principad classical cexts. He not only ac-
cumulated a considerable personal library, but also consuleed classical
manusceipes in chiespeivare libraries of wealchy ariscocracs and monas-
rerics whenever he had an opportunity, or boreowed chem from other
scholars. His Norebooks are full of reminders to himself o bormow or
consule certain books. Since he had only the most rudimentary knowl-
edge of Latin, he studied Tralian cranslations whenever he could obeain
them, or soughr our scholars who could help him wrich che Latin texes.

We know from Leonardos own accounts that he knew Plaro’s
Timaaes well. He also owned severeal of Ariscocle’s works, in particular
the Phyrics, His knowledge of the mathemarcical weiting: of Plato,
Pythagoras, Archimedes, and Euclid was derived mostly from Luca
Pacioli's famows Renaissance cextbonk, which wes writcen 1o Icalian.
When Leonardo and Pacioli became friends, Pacioli helped Leopardo
deepen his understanding of machemarics, particularly geometry, by
guiding him through che complece Larin edition of Euclid’s Elemwseanss ™

Leanardo’s intersse in astronomy was laggely conlined co srudying
aptical effeces in the visual perceprion of the heavenly bodies. But he
was well aware of the Prolemazic madel of planetary motions. He owned
severzl books on asteonomy and castography, including Prolemy's cel-
ebrated Cosmogratdy and a work by che Arabizn astronomer Albumazar
{Abu-Mzashar).® With regard to necural history, Leonardo, like most
Renaissance hurmanises, was well acquainrsd with the works of
Aristotle, Pliny che Elder, and Dioscorides. He studied an ITeelian edi-
tion of Pliny’s encyclopedic Natwre! History, printed in Venice in 1476,



156 / LEONARDO, THE SCIENTIST

and read Dioscorides' popular Materia Medice, His own work in botany,
however, went far beyond chose classical texrs ™

Many of Leonardo’s greacese scientific achievements were in the
field of anatomy, end it was this subject that he studied mose carefully
in the classical rexrs. He awnsd an Iralian edition of Mending’s
Anatomy and used it 25 an initial guide for dissections of the necvous
system and ather parts of che body. Through Mondine, he became ac-
quainted wich the theories of Galen and Avicenns, and subsequently
studied an Tralisn edition of Avicenna's classic Canen of Madicine.
Eventually Leonardo probably reed seme of Galen’s work in Latin, wich
the help of the young anatomist Marcantonio delle Toree, whom he
met during his second period in Milan.® Having thoroughly studied
the three principal medical authorities of his time—{ralen, Avicenna,
and Mondino—Leonardo had & solid foundation in classical and me-
dieval anacomy, on which he buile his own extraordinary accomplish-
ments,

Leonardo da Vinci shared wich his fellow huranists their great
confidence in the capabilities of the human individuzl, their passion [oe
VOFREes of exploation, and their excicermnent abour che rediscovesy of
the classical texts of antiguity. Bur he differed dramarically from most
of them by refusing ro blindly accept the teachings of the classical au-
chorities. He srudied chem carefully, bur chen he tesced chem by sub-
iecting them to rigomous comparisons with hif own experiments and
his direct observations of namure. In doing so, [ would argue, Lecnardo
single-handedly developed a néw approach to knowledge, known roday
as the scicntific method, ’



