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PR EFACE

It will be useful and perhaps reassuring to state that this is not the biogra-
phy of a mathematician. To be sure, Galileo enjoyed such epithets as “divine 
mathematician” and “Tuscan Archimedes,” and he spent the fi rst half of his 
career, from 1589 to 1610, as a professor of mathematics. Moreover, histo-
rians rank him as the fi rst to introduce effective quantifi cation into phys-
ics. For all that, he was no more (or less!) a mathematician than he was a 
musician, artist, writer, philosopher, or gadgeteer. His last disciple and fi rst 
biographer, Vincenzo Viviani, boasted that his master could compete with 
the best lutanists in Tuscany, advise painters and poets on matters of artis-
tic taste, and recite vast stretches of Petrarch, Dante, and Ariosto by heart. 
But his great strength, Galileo said when negotiating for a post at the Medici 
court in 1610, was philosophy, on which he had spent more years of study 
than he had months on mathematics.1

Galileo’s intense study of the moon, sun, and planets in 1609/10, when 
he was the only man on earth anatomizing the man in the moon and the 
satellites of Jupiter, called upon his skills as an observer and draughtsman, 
his dexterity as a craftsman, and his knowledge of perspective and foreshad-
owing, and not at all on his ability as a mathematician. The hurried little 
masterpiece, Sidereus nuncius (1610), which described his unprecedented 
observations and astonishing deductions, quickly compelled assent. Years 
of reading the poets and experimenting with literary forms enabled him to 
write clearly and plausibly about the most implausible things. If ever a dis-
coverer was perfectly prepared to make and exploit his discovery, it was the 
dexterous humanist Galileo aiming his fi rst telescope at the sky.

Perhaps the best single-word descriptor for Galileo is “critic.” He was a true 
connoisseur of the arts and sciences, able, says Viviani, to talk intelligently, 
and with apt quotations, on virtually every respectable  subject with all sorts of 
people. As a connoisseur, he argued the excellence of painting over sculpture, 
monody over counterpoint, one version of Dante’s Hell over another, and, 
in mathematics, Archimedes over everybody. Galileo was the embodiment 
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of baroque buon gusto in matters of art and science. That, of course, did not 
mean that he was judicious or well mannered. He often deviated from good 
taste in criticizing others. This indulgence, coupled with an inventive wit and 
the adolescent pleasure, which he never outgrew, of scoring off people, made 
him powerful enemies even among those who respected his gifts.

Galileo would have done well in any of several professions. He might have 
chosen as his brother Michelangelo did, and followed their father’s path as a 
musician; or do as he said he would have preferred had he had a free choice, 
and become a painter.2 He could have been a man of letters, the confi dential 
secretary to a duke or cardinal, or better, a grand duke or pope. About the 
only profession for which he was unsuited was the one for which his father 
intended him: medicine. Galileo pitched on mathematics, for which he had 
a knack, as an escape from doctoring. The remedy worked. He had the good 
fortune to invent a clever proposition that enabled him, at the age of 20, 
to demonstrate several theorems in the style of Archimedes that impressed 
a few mathematicians in Italy. These theorems represented the high point 
of Galileo’s mathematics. He did not publish them in their time, but fi fty 
years later, as an appendix to his last and most technical book, Discourses on 
two new sciences (1637). He never made much use of algebra, disliked compli-
cated calculations of the sort that delighted Kepler, and avoided geometrical 
 questions more diffi cult than those with which he debuted.

As a young man, carefree despite the family’s straitened fi nances, 
esteemed by friends from among the best families in Florence, clever, witty, 
sociable, versed in literature and music, and with a gift for geometry and 
a taste for gambling, Galileo did not resemble much the troubled inventor 
of modern science familiar from the usual histories. His friends would not 
have expected him to become the sworn enemy of Aristotle, the champion 
of Copernicus, the standard-bearer of mathematics, the bête noire of the Jes-
uits, or the best-known of all martyrs to academic freedom. Galileo would 
have become none of these things had he not had to work for a living.

This book appears on the 400th anniversary of Galileo’s announcement of 
the riches his telescope revealed in the heavens. This was an event of world-
historical importance. Another, coincident anniversary, the centennial of 
the completion of the national edition of Galileo’s correspondence, manu-
scripts, and printed works, marks an accomplishment of equal importance 
in the smaller world of Galileo scholars. For a hundred years this inspired 
edition by Antonio Favaro and the specialized studies he spun from it have 
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guided the investigations of biographers of Galileo and historians of the Sci-
entifi c Revolution. The number of directly relevant useful publications now 
extends to many thousands. The last decade alone has been enlivened by 
the appearance of many serious book-length biographies and monographs. 
Why, apart from centennial obeisance, burden the world with another? Is 
there anything fresh to say?

Yes. Galileo’s biographers tend to rush their gladiator prematurely into an 
imaginary arena fi lled with pig-headed philosophers and fi re-spitting priests. 
He did spend time arguing with and suffering from such people. But Galileo the 
gladiator and martyr of science began as Galileo the patrician humanist. I hope 
to have introduced something fresh by locating Galileo more fi rmly among 
Florentine cultural institutions than others have done. That makes space for 
character development. Galileo underwent a sort of epiphany under the impe-
tus of the telescopic discoveries he made at the age of 45. He had published very 
little, and nothing of importance, up to that time. He had many good ideas, but 
held them back, partly from a feeling of fi nancial insecurity and partly from a 
cultivated circumspection. He saw no reason to burden the world with scat-
tered results, half-treatises, imperfect theories, or unproved assertions.

When he had armed himself with the telescope, however, he declared all 
he knew and more. To the surprise of his colleagues and against their advice, 
he attacked philosophers, theologians, and mathematicians, taunted the Jes-
uits, jousted with everyone who contested his priority or his opinions. He 
became a knight errant, quixotic and fearless, like one of the paladins in his 
favorite poem, Ariosto’s Orlando furioso. This change in behavior, which won 
him a continually lengthening list of enemies, made his disastrous collision 
with a pope who for many years had been his friend and admirer intelligible 
and even inevitable. Restoring to Galileo his youth in Pisa and Florence, his 
maturation in Padua, and his megalomaniacal middle age in the Medici court 
not only gives his history what he might have called momento but also helps 
to fi x his role as hero of the Scientifi c Revolution. He was a great man in the 
sense that he changed the world in a way others could not, not by inventing 
telescopic astronomy or fi nding a few principles of motion, but by bringing 
in his special idiom some fundamental problems in the culture of his time so 
crisply into confl ict that they could not be avoided or resolved.

Galileo lived for 78 years, many of them in the eye of a storm. He had 
friends, enemies, and correspondents of all sorts: mathematicians, philoso-
phers, literary people, bureaucrats, princes, cardinals, and characters from 
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the heroic poems he knew almost by heart. The minor actors easily slip from 
the memory. A genealogical table of the Galilei and a glossary of most people 
mentioned in the text apart from such household names as Einstein and God, 
but including characters from Ariosto and Tasso, follow Chapter VIII.

Galileo’s mathematics seldom goes beyond plane geometry and the rules 
of proportion, and most of his published writings on physics and astronomy 
remained at the level of popularized science in his own day. Neither his  geometry 
nor his science should present a technical challenge to today’s educated lay person. 
On the contrary: the main obstacle to overcome in understanding Galileo’s work 
is thinking that he was engaged in the same enterprise as modern physicists. 
As will appear, many of his apparent errors are mathematical jokes, rhetorical 
exaggerations, or wishful thinking. Failure to appreciate that his genre was not 
ours has prompted many unnecessary arguments and misunderstandings, 
which it will be a pleasure not to review here. What criticism is offered of his 
work stays within Galileo’s own terms of reference.

It is a great pleasure to thank colleagues for their help and support, not 
only in customary acknowledgment of debt, but also in gratitude that, 
despite fashionable widespread cynicism about the academy, generosity and 
encouragement abound in some corners of the Republic of Letters. Among 
these generous Republicans are Paolo Galluzzi, Massimo Bucciantini, Ernan 
McMullin, Nick Jardine, Maurice Finocchiaro, Jim Bennett, Sven Dupré, 
Peter Watson, Louise Clubb, Mario Biagioli, Mike Shank, José Ferreirós, and 
Jed Buchwald. Sunspots provided occasion for supererogatory expressions 
of solidarity: Franz Daxecker very kindly supplied his books and expertise 
about Christoph Scheiner, and Eileen Reeves and Albert Van Helden with 
equal kindness sent the proofs of their new and defi nitive translations of the 
main documents in the squabble between Scheiner and Galileo. My thanks 
also go to keepers of the treasure houses of the Republic, especially the staffs 
of the Upper Reading Room of the Bodleian Library, the Taylorian Library, 
and the Museum of the History of Science, all in Oxford, and of the Museo 
Galileo (Istituto e Museo di Storia della Scienza) in Florence.

Publishing books is as essential to the Republic of Letters as writing them. 
Latha Menon, who commissioned this book, and her colleagues at Oxford 
University Press UK, Emma Marchant and Claire Thompson, are exemplary 
intermediaries between script and print. Correcting errors before printing 
them is another necessary operation. Alison Browning, Marita Hübner, and 
Cameron Laux policed the text vigilantly. The Republic is not self-sustaining 
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and would be a poorer place if it were. For the photographs reproduced in 
Plate 16 I am indebted to Stephen Markeson. For help in keeping in touch 
with the wider society I thank, and apologize to, everyone who has listened 
to my nascent notions about Galileo, especially my wife and sounding board, 
Alison Browning, my advisor on Venetian courtesans, Wanda Case-Goody, 
and the Friday night regulars at the Rose & Crown in the Oxfordshire village 
of Shilton.

 Galileo by Francesco Villamena, fi rst published in 
 Galileo, Istoria e dimostrazioni intorno alle macchie solari 
(1613), then in the Assayer (1623), and again, in the form 
used here, in Lorenzo Crasso, Elogii (1666).
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A Florentine Education

1.1 upbr inging

On the façade of a house near the central train station in Florence there is 
an immense inscription in stone setting forth Galileo’s feats. Commissioned 
by his hagiographer Viviani, it includes among the encomia the informa-
tion that Galileo was born on the day, almost to the hour, of the death of 
Michelangelo, “the divinely endowed spirit” whom God had appointed to 
instruct the Florentines in art, poetry, and architecture. “God himself com-
pensated you,” so Viviani’s stony billboard addresses Michelangelo’s pos-
terity, “and enhanced your glorious annals with the birth of your patrician 
Galileo, most blissful initiator, father, prince, and guide of philosophy, geom-
etry, and astronomy.”1

The story lacks a week of the truth. Michelangelo died on 9  February 
1564. Galileo’s mother, Giulia Ammannati, uncooperative as usual, delayed 
his birth to 16 February. We know the day and time of the event from two 
birth charts that Galileo later drew up for himself.2 Although Galileo did not 
receive Michelangelo’s soul fresh from its owner, he inherited a genius of 
michelangelic proportions and the taste of Michelangelo’s generation. Gali-
leo was a humanist of the old school. He much preferred Ariosto, the dar-
ling poet of the sixteenth century, to Tasso, who would be a favorite of the 
seventeenth. He rated writers like Machiavelli higher than the prosateurs of 
his own time.3 He did not like mannerism in art, distortions, extravagances, 
anamorphoses. He was a stickler for  decorum. He stayed with the geometry 
of the Greeks rather than employ the algebras of his contemporaries. He had 
little interest in the advanced planetary astronomy of Tycho and Kepler. He 
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always began with Aristotle. He was not an innovator by temperament. And, 
we are told, he liked to wear clothes that were fi fty years out of date.4

Although Galileo was born in Pisa, the hometown of his recalcitrant 
mother, he prided himself on being a noble of Florence through his father, 
Vincenzo Galilei, a musician and musical theorist. Vincenzo’s nobility did not 
imply wealth but the right to hold civic offi ce and he lived in the straitened 
circumstances usual in his profession. His marriage to Giulia, whose family 
dealt in cloth, was a union of art and trade. When they married in 1562, he 
received two bolts of cloth from his bride’s brother, and, what went further, 
a hundred ducats and a year’s rent on a house.5 For a time the new husband 
worked in Pisa at the textile trade but soon moved to Florence where he set 
up as a musician and came to the attention of Giovanni de’ Bardi, a man of 
the world who had fought the Turks and returned to Florence to patronize 
the arts. Bardi became a true friend and reliable patron. He sent Vincenzo to 
Venice to study with the top musical theorist of the time, Gioseffè Zarlino. 
That was in the 1560s. Vincenzo also spent time in Rome collecting madri-
gals. He returned to Pisa or Florence and Giulia often enough to father six 
or seven children, three of whom played parts in Galileo’s life—his younger 
sisters Virginia and Livia, and his younger brother Michelangelo. During the 
early 1570s, Vincenzo lived in Florence, building up his reputation as a theo-
rist in Bardi’s circle, which called itself the Camerata after the small room in 
which it met, and devising an attack on the polyphony and tuning he had 
learned from Zarlino.6

Vincenzo was addicted to his music. He played the lute whenever and 
wherever possible, “walking in town, riding a horse, standing at the window, 
lying in bed.” We know this odd fact from his most important book, Fronimo 
(1568, 1584), which contains many compositions for two lutes, one accom-
panying the other.7 Galileo grew up playing second lute to his compulsive 
father. He could have learned freethinking also from Vincenzo, who liked to 
say, as Galileo did too, that people who invoke authority to win arguments 
are fools.8 Galileo’s mother Giulia knew the value of authority. It was said 
that she brought Galileo before the Holy Offi ce (the Inquisition) in Florence 
for calling her names—puttana, gabrina (harlot, crone)—and that the obliging 
inquisitor issued an admonition to the exasperated son. The choice of com-
pliment, “gabrina,” adds verisimilitude to the story; the nasty ugly old witch 
Gabrina is a character in Ariosto’s Orlando furioso, which Vincenzo admired 
as much as Galileo. Like Gabrina, Giulia did not improve with age. A year 
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before she died in 1620, Galileo’s brother Michelangelo, then a court musi-
cian in Bavaria, expressed his surprise at learning that their mother was “still 
so terrible.” Her more impressive performances included coming to blows 
with Galileo’s mistress, suborning his servant to spy on him, and trying to 
steal spectacle lenses he kept in his shop.9 Perhaps Galileo worried about 
congenital madness. It is suggestive that the main question he put to the 
horoscopes he cast for his daughters was how rational they would be.10

While Vincenzo traveled or sojourned in Florence, Galileo lived in Pisa, 
sometimes with Giulia, at the house of a relative, Muzio Tedaldi. In these 
circumstances he began Latin and other necessary subjects under a teacher 
of whom it is known only that his name was Jacopo Borghini and that he 
charged 5 lire a month.11 At the age of 11 the boy began a more regular course 
of study at the mother monastery of the Vallombrosan order (a variety of 
Benedictines) near Florence. Vallombrosa was a beautiful place certain to 
appeal to a romantic teenager awakening to art, literature, and spiritual 
life. During his stay the monks entertained the artist Federico Zuccari, then 
working on sketches of the seven deadly sins for his frescoes in the cupola of 
the Florentine cathedral, and a little later Giovanni Stradano came to paint 
the portraits of the monastery and its enchanted forest (Plate 1).12 Vallom-
brosa’s monks were distinguished for their learning, notably the abbot, “a 
man of rare and acute mind,” at home, we are assured, in theology, astrol-
ogy, mathematics, rhetoric, cosmology, and “all the other sound arts and sci-
ences.” Galileo’s lifetime fl irtation with the art of astrology may well have 
begun at  Vallombrosa. A younger boy, his ill-fated friend Orazio Morandi, 
was to join the Vallombrosans and rise to abbot of its seat in Rome, which he 
turned into an astrological research institute. Its archives held a birth chart 
for Galileo.13

The attractions of Vallombrosa, its setting, arts, learned monks, and 
stable life, persuaded Galileo that he had a religious calling. Very likely also 
the mixed impulses of early adolescence gave him twinges of conscience 
and piety that he thought to assuage by joining his teachers. He may have 
worn a monk’s garb for a while. He did not complete his novitiate, how-
ever, or perhaps enter fully into it because his father abruptly removed him 
from the temptation. Although Vincenzo had praised the monkish life of 
withdrawal—“truly blessed is he who has fl ed the irritations and tiresome 
vanities of the world, the intemperance, ambition, pride, adulation, anger, 
deceptions, and so on of the court, and goes to live a solitary and peaceful 
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life”—he had no wish to see his heir buried in a monastery.14 Galileo’s fi rst 
steps back into our vale of tears took him to Pisa. “I am glad that you have 
Galileo back and that you want to send him here to study,” Tedaldi wrote in 
July 1578, though, with grain at 15 lire a sack, a growing boy would cost some-
thing to maintain.15 That the price of bread for Galileo should have been a 
consideration suggests that playing the lute in all possible places had not 
made Vincenzo wealthy.

After the escape from Vallombrosa, Vincenzo tried to place Galileo in 
Pisa’s Collegio di Sapienza, set up by Cosimo I de’ Medici in 1543 for smart 
kids from impoverished families. Galileo qualifi ed for admission in every 
particular except that, at 14, he was four years under age. He remained at 
home until, in September 1580, at 16, he could enroll at the University of Pisa, 
an old foundation given new life by Cosimo I, to begin the study of medi-
cine.16 The course required some knowledge of Aristotelian physics. Pisa had 
two able expositors of the subject, Francesco Buonamici and Girolamo Borro 
(or Borri). Each taught a rigid Aristotelianism without agreeing on its prin-
ciples, although both had a deep respect for the integrity of the philosophy 
they interpreted and a deep disdain for the compromises required to subject 
Greek philosophy to Christian theology.17 Accordingly, they had no patience 
with the system of Thomas Aquinas, then recently recognized by the Coun-
cil of Trent as offi cial Catholic teaching and enthusiastically so received by 
the Dominicans and the Jesuits. Without the prophylaxis of Thomism, Aris-
totle’s philosophy contained teachings toxic to Christians. Among the most 
frightful of these were the eternity of the universe, the mortality of the soul, 
and a deity incapable of knowing individuals: no creation, no last or interme-
diate judgment, no afterlife, no Providence, no Christianity. It took courage 
to be a strict Aristotelian in a Catholic university in Galileo’s time.

The bravos Borro and Buonamici set the agenda for Galileo’s physics. 
Their diverting lectures on motion and gravity did not lie on his immedi-
ate path, however, since physicians did not need to know why bodies fall 
in order to put their patients underground. Nor did the medical course lie 
on his direct path, except as an obstacle. An honorable way to fi nish with it 
unexpectedly opened through the Medici court, which customarily moved 
to Pisa for a period around Easter. Among its hangers-on was a mathemati-
cian, Ostilio Ricci, who would end his career as mathematician to the Grand 
Duke Ferdinando I. In 1583, however, when he met the disaffected medical 
student, Ricci was merely the instructor of the grand-ducal pages. Galileo 
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heard a lecture or two of Ricci’s on Euclid. With that instruction he mas-
tered Euclid’s Elements almost on his own and showed such promise that his 
teacher advocated his release from medicine. Vincenzo agreed most reluc-
tantly. He too liked mathematics, or anyway arithmetic, which he employed 
in his musical theorizing, but he knew that mathematicians were no more 
prosperous than lutanists.18

Galileo continued at Pisa until 1585, when, like many a noble youth, he left 
university without a degree. Meanwhile he had continued with his reading. 
Ricci introduced him to the work of Archimedes, who would be to Galileo 
what Virgil was to Dante: an ancient shade sure of the path, the one through 
Hell, the other through mathematics. To Galileo Archimedes would always 
be “superhuman,” the exemplar of the mathematician pure and applied: the 
theorist of cones and balances, of quadratures and barycenters, but also 
the inventor of machines to catch counterfeiters, destroy navies, and do the 
work of giants.

1.2 gap ye ars

Mathematics

During the 1580s Ricci began to teach at yet another institution established 
under the civic-minded despot Cosimo I: the Accademia del Disegno set up 
in 1569 for the instruction of artists, sculptors, and architects. The fi rst direc-
tors provided for instruction in mathematics and money to pay for one lec-
ture a week, on Sundays, open to anyone who preferred science to sermons. 
The stipend, one ducat a month, was a fourth or a fi fth of the salary of a 
beginning university professor of mathematics, not enough to keep the post 
fi lled until the engagement of Ricci in 1589. His lecturing covered Euclidean 
geometry and its application to architecture and perspective, which he also 
taught privately. One of his venues was the home of Bernardo Buontalenti, 
a friend and collaborator of Vincenzo Galilei’s patron Bardi and a favorite 
architect of the Medici. Among those who heard Ricci lecture at Buontal-
enti’s was Lodovico Cardi, who, under the nickname of Cigoli, occupied 
the van of Florentine painters of his time. Galileo may have been present at 
Buontalenti’s and possibly attended the Disegno, where Cigoli taught.19 In 
any case, the two became fast friends and Galileo learned how to draw.20
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With Ricci’s encouragement and Vincenzo’s agreement, Galileo spent his 
fi rst post-nongraduate years preparing himself desultorily for the insignifi cant 
post of a mathematics professor. According to the traditional ranking of the 
sciences, philosophers and physicians occupied the top of the academic ladder, 
mathematicians and grammarians the bottom. Galileo was not the sort to sit 
contentedly on lower rungs. Nor did he expect to. Some well-placed math-
ematicians were arguing, occasionally successfully, that their work deserved 
greater respect than philosophers accorded it. Three of these mathematicians 
were important for Galileo’s career. The eldest and most aggressive, Giovanni 
Battista Benedetti (1530–90), served as court mathematician to the Duke of 
Savoy; his most important work for Galileo was a book of Physical and mathe-
matical speculations that replaced several important Aristotelian positions about 
motion with propositions identical to ones Galileo would adopt.21 The second 
in age and fi rst in institutional power was Christoph Clavius (1537–1612), pro-
fessor of mathematics at the central Jesuit university, the Collegio Romano, 
from 1565 until his death (Plate 6). He fought energetically and effectively for 
a conspicuous place for mathematics in the Jesuit curriculum and established 
a quasi-research group at the college, but he did not try to subvert standard 
physics with its results.22 He would support Galileo’s career and the mathema-
ticians at the Roman College would help advance it—up to a point.

The third of Galileo’s early mathematical mentors, the Marchese Guido-
baldo del Monte (1545–1607), was the most conventional and the most useful. 
A man of the world as well as of books, del Monte had fought against the Turks 
(we shall meet several more such veterans) and served briefl y as inspector of 
the fortresses of Tuscany before retiring to his castle near Urbino to work at 
mathematics. Galileo adopted del Monte’s approach to simple machines, the 
Liber mechanicorum (1577), then considered the best modern book on the sub-
ject, and del Monte adopted Galileo as his scientifi c son.23 He and his brother, 
Francesco Maria del Monte, no mathematician but, as a cardinal, a powerful 
patron, helped to impose Galileo on the University of Pisa as its lecturer in 
mathematics in 1589. Benedetti, Clavius, and del Monte were role models. 
Galileo began, as Clavius ended, a professor; ended, as Benedetti began, a 
court mathematician; and, though far from a hereditary marquis, had the 
same sense of the dignity of his profession as del Monte.

Mathematics had crouched low among Aristotelian sciences for two 
 reasons. First, it dealt with abstractions like lines without thickness and 
planes without body, and so operated in a world of make-believe. When 
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its conclusions did pertain to physical things, they tended to be the least 
interesting things knowable. Who cares how tall Socrates was? Quantitative 
accidents—dates, scores, balance sheets—annoy and bore most people. Still, 
although the height of Socrates does not signify, that of the pole star does; 
and since knowledge of it allows us to navigate, it must relate to some sort 
of truth. Another unexceptionable example of the sometime truth of math-
ematics frequently invoked at the time argued from the spherical shape of 
the earth to the conclusion that the sun cannot shine on its entire surface at 
once.24 It was no less a truth if argued the other way around, from the limited 
illumination to the spherical shape. This brings us to the second reason for 
depreciating mathematics: the nature of its proofs.

In Aristotelian logic, the strongest demonstration (demonstratio potissima) is 
the perfect syllogism, of which the form “all B are A, all B are C, therefore all 
A are C ” is the exemplar. In practice, the premises of a physical proposition 
(all B are A, all B are C) were agreements among philosophers based on the 
repeated and confi rmed experiences of rational animals.25 The question natu-
rally arose whether mathematics made use of the demonstratio potissima. Per-
haps yes, because Aristotle recommended geometrical proofs; but perhaps 
no, because we lack direct experience of the abstract entities of the geometers. 
Furthermore, the major premise of geometrical propositions is often far from 
any axiom or fi rst principle and may not involve directly or at all the defi ning 
property or “essence” of geometrical fi gures. Euclid argued from an axiom 
about parallel lines that the sum of the angles in a triangle is two right angles. 
How could that axiom be a proper defi nition or representation of the essence 
of triangles, which cannot be constructed from parallel lines?26

Most people interested in such questions in the sixteenth century denied 
that mathematics met the standard of the demonstratio potissima because it could 
not establish its premises by the intuitive certainty of sense experience.27 Or, 
if its premises be allowed, its demonstrations might be very powerful but the 
knowledge so gained relatively little, as inapplicable to the sensory world; 
or, if applicable, in “mixed sciences” like astronomy, no longer certain, since 
astronomy, like all physical sciences, had to take its principles from observa-
tion and experience. Assertive mathematicians replied that their methods dif-
fered from, but were no less powerful than, the best syllogistic demonstration. 
Clavius took this position, as did his student Giuseppe Biancani, who would 
become an authority among the Jesuits.28 Others argued that mathematics 
had the same logical structure as physics and stronger demonstrations when 
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applied to mixed sciences like astronomy.29 Consideration of these life-and-
death questions added excitement to the existence of a mathematician. If 
granted equality in certainty and relevance with physics, mathematics might 
be the Archimedean lever with which, if he could fi nd a place to put it, a math-
ematician might move the world. Galileo would expend great effort and incur 
much ill will in seeking the place and working the lever.

Galileo did not have the means of a marquis or the reputation to qualify 
as a court mathematician. That left teaching. He recruited private pupils, per-
haps among his friends in Florence, certainly among seekers of science in 
and around Siena. In 1588 he found a job for three months with his friends 
the Vallombrosans tutoring a brother in perspective at their monastery in 
Passignano; he received a total of 58 lire (around 8 scudi), which, if continued 
for a year, would have brought him half the salary of a poorly paid profes-
sor.30 The same year, 1588, he tried for the junior chair of mathematics at the 
University of Bologna. His application opens with an arithmetical error: it 
gives his age as “around 26,” though he was only 23. Apparently he thought 
his youth incongruous with his mathematical pedigree, which consisted of 
his time with Ricci and his experience of teaching in Florence and Siena. 
It continued with his attainments. “He has the most excellent judgment 
[in mathematics] and in many other things he has studied, notably in the 
humanities and in philosophy.” The electors preferred Giovanni Antonio 
Magini, Galileo’s senior by nine years, a practiced astrologer and astrono-
mer, diligent calculator, and, later, Galileo’s occasional friend. No doubt they 
took the safer choice. Magini was a graduate of their university. Also, Bolo-
gna’s senior professor of mathematics, Pietro Antonio Cataldi, doubted the 
correctness of a premise that underpinned the mathematical proofs Galileo 
submitted as his strongest credential. The professor of mathematics at the 
University of Padua, Giuseppe Moletti, agreed with Cataldi that Galileo was 
a good geometer with a defective premise. Del Monte and Clavius also had 
 trouble with it. As will appear, it was unexceptionable, although (and this 
may have been the trouble) it did not deliver what Galileo’s proofs needed.31

Music

Magini’s victory extended Galileo’s opportunities to cultivate literature and 
music in Florence. Among the many cultural gurus who helped develop his 
taste and character during the four years he lived at home between leaving 
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Pisa without a degree and returning as a professor, the most infl uential was 
his father. Vincenzo Galilei was then engaged in defending the modernizing 
program he set out in 1581 in his Dialogo della musica antica e della moderna (1581). 
Musical theory needed overhauling, according to Galilei, because the current 
orthodoxy, as represented by Zarlino, did not correspond to practice. Zarlino 
accepted Ptolemy—the same deserving Ptolemy whose cosmology Galileo 
would savage—and cleaved to him although the simplest experiment would 
convince an educated ear that modern music did not use the Ptolemaic dia-
tonic scale. Galilei’s spokesman in his Dialogue on ancient and modern music is 
his patron Bardi, who explains the matter to an astute and inquisitive mutual 
friend, the practical musician Piero Strozzi. They agree as a condition of the 
discussion that “we always set aside (as Aristotle says in the eighth book of 
the Physics) not only authority but seemingly plausible reasoning that may 
be contrary to any perception of truth.” Vincenzo Galilei was a theorist of 
integrity. He did not just reject authority but showed by “sensory experience 
and necessary demonstration,” as Galileo would say, just where the author-
ity went astray. Ptolemy had succumbed to a numerology that appeared to 
secure a tuning based on the characterization of musical intervals by the dif-
ferent lengths of otherwise identical vibrating strings. A string half the length 
of another under the same tension sounded the octave; with lengths in the 
ratio 2:3, the fi fth; 3:4, the fourth; 4:5 and 5:6, the major and minor third. In 
recommending Ptolemy’s scheme, Zarlino liked to dwell on the perfection of 
the number six, from which all the ratios descend, as well as their simplicity, 
all being of the form n/(n + 1).32

Galilei dismissed the numerology as nonsense and Zarlino’s claim that 
singers naturally adopted Ptolemy’s diatonic tuning in polyphonic music 
as false. As Galilei discovered under the guidance of a Florentine living in 
Rome, Girolamo Mei, who had made a thorough study of ancient Greek 
music, Ptolemy’s authority was an artifact. Moderns had decided to prefer 
him to his ancient competitors just as, with equal arbitrariness, they had 
chosen Aristotle over Plato in philosophy. Mei very generously shared his 
knowledge of the alternatives; all he required to unlock his generosity was 
assurance that Galilei too was a Florentine patrician.33 That being given, 
Galilei learned that the Greeks had used many modes and monodies, and 
knew nothing of the four-part harmony that Zarlino taught and ranked 
as the most perfect of musical forms. A romantic as well as a scholar, Mei 
understood that the main purpose of music was not rational entertainment 
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but appeal to the emotions, and that Zarlino’s play with the number six was 
mumbo jumbo. Galilei’s Dialogue employs Mei’s principles, and sometimes 
his very words, which came to this: Greek music had more emotional power 
than modern counterpoint because it was monodic and polymodal.34 Music 
that accompanied singing had to be matched to words even at the cost of 
violating rules of progression or harmony.35

Adopting Galilei’s battle cry, “counterpoint . . . is an enemy of music,” 
Bardi incorporated some of his protégé’s ideas in the musical interludes 
he arranged for three successive Medici weddings in the 1580s. These inter-
mezzi, which framed stage plays, were showpieces incorporating compli-
cated stage machinery, singers, and musicians. Galilei contributed at least 
one piece to these extravaganzas, a lament based on the speech the miser-
able Ugolino muttered at the very pit of Dante’s Inferno. The obvious inver-
sion of the performance, in which the play framed and incorporated the 
intermezzi, developed rapidly in Florence in the 1590s and eventuated in 
1600 in Jacopo Peri’s Erudice, the fi rst opera whose score has survived. Cigoli 
provided the scenery. The occasion was still another Medici wedding. The 
movement to which Galilei and the Camerata belonged was not an inconse-
quential mobilization of  argumentative musical theorists, but an important 
component of an artistic and aristocratic culture. Galileo had deep roots in 
this culture and tendrils to Peri and the Camerata.36

Zarlino complained of his former student’s betrayal and said so in print, 
in 1588. In reply, Galilei described additional experiments to show the misfi t 
between the Italian ear and the Pythagorean and Ptolemaic tunings; issued 
the so-called “laws of Galilei” (two successive consonances of the same size 
do not produce a consonance, and the difference between an octave and a 
consonance is a consonance); and aimed a very neat blow against the stand-
ard numerology. Why take the lengths of vibrating strings as the defi nition 
of pitch? If the tensions in chords of equal length are preferred, the fi fth cor-
responds to the ratio 9:4, the octave to 4:1, and so on.37 Vincenzo probably 
had Galileo’s help in the refi nement of the experiments that underlay these 
ratios. The experiments included tests of similar strings stretched by une-
qual weights and strings of unequal cross-sections bearing similar weights. 
Father and son studied deviations from unison caused by the nature, struc-
ture, and form of the strings, and the manner of plucking. A particularly 
interesting investigation showed that a steel string and one of gut tuned to 
unison in the octave would not agree perfectly when stopped at a fret. The 
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best that can be done when instruments play together or accompany singers 
is to forget the perfect ratios of the various modes and tune everything to 
equal temperament.38

Two propositions in Vincenzo’s fi nal investigations sound very much 
like Galileo. Referring to a “simple-minded assertion of Zarlino,” father 
or son points out that to get a tone and its octave simultaneously from a 
single string, it must be stopped at a third, not a half, of its length. The other 
proposition in Galileo’s style states that a sliding transition from one note to 
another on a fretless string instrument does not take place continuously, but 
through a series of discrete steps so small, “almost like atoms,” that the ear 
cannot distinguish them. But mathematics can. “There are few things that 
cannot be weighed, numbered, and measured.”39 One of these few things is 
poetry.

Poetry

Galileo’s social life during his gap years did not center on mathematicians, 
of which there were few in town besides the grand duke’s lecturer Ricci, his 
astrologer Raffaelo Gualterotti, and his globe maker Antonio Santucci.40 
Galileo preferred literary men, Florentine nobles like him though wealthier, 
of which there were many. Two of them played important parts in Galileo’s 
story. One, Giovanni Battista Ricasoli Baroni, a studious and disturbed young 
man, died early under circumstances soon to be related. The other, Giovanni 
Battista Strozzi (il giovane), 17 years Galileo’s senior, had distinguished him-
self early among the cultivated aristocratic young men of Florence. He took 
even longer than Galileo not to graduate from the University of Pisa, some 
seven years spent with Borro, Buonamici, and literary dilettantes. If Galileo 
had had any money, he would have faced the same career choice as Strozzi 
did: marriage, church, or court. None appealed to Strozzi. His inamorata 
wed another; for the church he had no calling; and he was far too rich to 
serve the Medici. In 1590 he went to live with the Oratorians in Rome and 
soon became intimate with the grandees and prelates there. He would be 
helpful when Galileo undertook to instruct the papal court on astronomy.

Strozzi and Ricasoli were leading lights of a serious literary club, the 
Accademia degli Alterati, composed, etymologically, of altered, twisted, 
false, angry, and befuddled poets. There is good reason to believe that 
Galileo was a member. Several other friends belonged, including Bardi, 
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and, although the Academy’s incomplete records do not mention Galileo, 
he was present to hear Ricasoli deliver a lament over the death of Grand 
Duke Francesco I.41 During his gap years, Galileo cultivated exactly the 
same subjects that then occupied the Alterati. His pertinent extant com-
positions include two handfuls of poems, extensive “Notes” on Petrarca’s 
Rime and Ariosto’s Furioso, “Considerations” on the Gerusalemme liberata of 
Torquato Tasso, outlines for a play, and, though neither poetry nor criti-
cism, two lectures on Dante’s Inferno, almost none of them published in 
their time.42 Except for the lectures and a satirical poem, they cannot be 
dated precisely. Rather than agonize inconclusively over their chronology, 
we will consider his “literary” writings when they best fi t his story.43 On 
this principle, the criticism of Ariosto and Tasso began during the late 
1580s when a controversy over their relative merits engaged all the literary 
types in Florence.44 The controversy had its lighter side as academicians 
struggled to decide whether Homer or Virgil, Ariosto or Tasso was the 
greater poet, whether Tuscan was the best of all languages, and whether 
Aristotle’s principles of poetry should regulate Italian romances. Galileo’s 
notes and considerations supplied weapons for himself and his friends 
for deployment in the Italian theatre of the warfare between ancients and 
moderns.45

The Alterati changed its director or regent every six months. During each 
term, members placed compositions in a large vase excavated now and then 
by a “censor” and a “defender.” These offi cials argued the merits and faults of 
the various pieces before the academy, which chose a few that it wanted to 
hear at length.46 A fragment by Galileo about good taste represented the tone 
and type desired. It explains how a judicious critic differs from a pedant. 
Both can tell that a bald toothless woman without a nose is not a perfect 
incarnation of feminine beauty. “But it does not follow that she would be 
very beautiful if she had teeth, nose, and hair, but only if in these and every 
other part there was an excellence diffi cult to describe and represent . . . The 
intelligence of the pedant extends only to the total of missing parts . . . To him 
all eyes, mouths, and bodies are equally beautiful: and he would unhesitat-
ingly prefer a woman who has a beauty spot to one who does not although 
the second has all her parts most beautifully proportioned and the fi rst is 
without any grace or symmetry.”47 Beauty is not a matter of addition but of 
harmony and fi tness. Galileo never could bring himself to accept distorted-
circle, that is, elliptical astronomy.
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After much debate, the Alterati decided that sonnets were the highest 
form of poetry. Galileo tried his hand at them, and mayhap buried some 
in the capacious urn. Here is a specimen, in which a couplet of Galileian 
inventiveness follows a Petrarchan opening, and the rest proceeds on stand-
ard lines:

Now that the sun has plunged, its golden curls ablaze,
Into Ocean’s waves against Iberia’s shores,
The alleyways discharge a multitude of whores
In beautiful platoons attracting every gaze.
The woolen mills close up within the city’s maze
Silk weavers stop their work behind their shuttered doors
Birds wheel overhead as a thund’ring tower pours
Forth noise of clanging bells that puts them in a daze.
Townsfolk also fl ock, to their ancient bridge to tell
The gossip of the day and take some harmless play
Florentines of old thus came to buy and sell.
So I leave you my sweet hope, my dear, fare-thee-well
I’ll go to the piazza, where I’ll end the day.48

The platoon of harlots is well observed as their rush to vespers to atone for 
past, and to attract new, business was as sure a sign of evening as the suspen-
sion of other trading.49

By and large critics have not appreciated Galileo’s poetry. One of his modern 
admirers, who ranked him the best master of Italian prose after Machiavelli, 
remarks of his sonnets that we are lucky there are not more of them, and 
offers the example of the change from Petrarchan sentiment to social studies 
in the poem just quoted.50 On the positive side, Galileo’s literary criticism is 
still essential reading for expositors of Ariosto and Tasso.51 The anonymous 
editor of the “Considerations on Tasso” who wrote at the end of the eight-
eenth century allowed that most of Galileo’s criticisms were sound and that, 
if reduced to system, “they would constitute a science of action in poetry.”52 
Several selections of Galileo’s writings compiled to help Italian children learn 
to write and think contain ample excerpts from his literary criticism. Like his 
science, they illustrate how to combat pedantry and error, reject authority, 
and build on reason and experience. Favaro lost no time after fi nishing his 
exhaustive edition of Galileo’s works in scavenging them for texts suitable for 
use in general instruction. It cannot be said that their study has imbued Italian 
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academic writing with the “simple, geometrical, positive, objective” style that 
made Galileo the greatest master of Italian prose between Machiavelli and 
Manzoni, nay, the best Italian writer of all time.53

The literary sport in Florence during the 1580s incorporated and culmi-
nated decades of disputes over the nature and merit of Dante’s tri-part poem, 
the Divine Comedy. Do not think it poetry merely because it rhymes and is 
sometimes sublime. According to the criteria deducible from Horace’s Ars 
poetica, the main guide to literary theory of the early cinquecento, a good 
poem should edify as well as delight.54 No doubt, Dante’s work gave pleas-
ure; but did it also promote civility, virtue, morality? Yes, because it taught 
the ways and wages of sin; no, because it did so through stories that aroused 
disgust rather than pity, and has as its hero not a great personage but a pee-
vish poet. Granting that it is a poem, is it a tragedy, comedy, or epic? Dante 
called it a comedy, and so it is, because it contains low characters and ends 
happily. Yet does its narrative and invention, together with the loftiness of its 
theme, not make it an epic?55

To unravel this conundrum, and to ravel many more, critics writing 
after 1550 had Aristotle’s Poetics in good editions with useful commentar-
ies. According to this authority, an epic, “poetry that mainly narrates,” must 
meet the tests of unity of action, coherence, and plausibility as well as fur-
nish pleasure and utility with appropriate decorum, imitation, and inven-
tion. Critics who founded their buon gusto on the literal word of Aristotle 
complained that Dante’s Comedy has no unity. Each of its three parts comes 
to its own dénouement through a vast quantity of disparate discursive epi-
sodes of doubtful taste. As for invention, where are the peripaties (reversals 
of fortune), discoveries, and sufferings? Dante’s journey runs in a straight 
line towards an end too easily glimpsed at the beginning. Worse yet, a well-
behaved poet should say little for and about himself; Dante is never off the 
stage. Worst of all, the story violates the essential rule of verisimilitude: “It is 
fundamentally wrong to make up plots . . . compounded of improbable inci-
dents.”56 And what does Dante offer? A week’s journey through the earth, 
up a gigantic mountain, across the planetary spheres, all the way to God, 
chaperoned by the shade of an ancient poet and the ghost of a departed 
love; interviews with sinners who though dead feel the torments of the 
fl esh and though suffering unspeakably speak, well and clearly, about the 
errors of their ways; and conversations with the saved and the saints, arrayed 
 eternally without jealousy in order of merit. And there is another violation, 
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more monstrous, perhaps, than all the rest: learnedness. Dante strews bits of 
astronomy, physics, cosmology, theology, unsuitable to poetry and destruc-
tive of pleasure, throughout his comedy.

The great Dante debate reached its height in 1587. In that year, the 
Accademia Fiorentina, founded in 1540 and promoted by the Medici to defend 
and propagate Tuscan language and literature, established two lectureships 
on Italian poetry and heard praises of the divine comedian from, among 
others, Strozzi, Don Giovanni de’ Medici, and Jacopo Mazzoni (Plate 6).57 
Strozzi’s friend Don Giovanni, an illegitimate son of Cosimo I, was a poeti-
cal engineer, musician, alchemist, and astrologer, a man of immense reach, 
tolerant enough to befriend his Jewish librarian and brave enough to chal-
lenge Galileo over some problems in applied mathematics.58 Mazzoni, who 
was to be Galileo’s special friend and colleague at Pisa, was 40 in 1588, “a 
man of the highest level in science, at home in all languages, a most perfect 
master in all faculties.” Mazzoni had studied at Padua, worked on calendar 
reform, edited the Index of Prohibited Books, and begun his defense of Dante 
15 years before his performance in Florence.59 That proved a great success. 
Strozzi, also a lifetime defender of Dante, praised Mazzoni’s lectures as “full 
of profound and marvellous ideas;” the Alterati elected him a member; and 
Grand Duke Ferdinando demanded that he accept a professorship at Pisa. 
Mazzoni’s teaching met every expectation. He was surrounded by students 
and professors except when he dined with the grand ducal family, “season-
ing the meal with his arguments.”60 Called to Rome to teach by Pope Clement 
VIII, who had a fondness for philosophy, Mazzoni was about to be made a 
bishop when death, having cut down the last of his brothers without issue, 
obliged him to marry instead.61

In his famous lecture to the Accademia Fiorentina, Mazzoni located the 
core of poetry in credible imitation. The poet is not restricted to the false. He 
can imitate the truth, even in matters scientifi c, philosophic, and theologi-
cal, provided that he does it poetically, that is, with accessible and credible 
images. Mere versifi cation of a true history or a world picture would not 
qualify, however; for although the result might be credible, it would not be 
imitation. “Concerning this I have written at length in my new book [Della 
difesa della Commedia di Dante, available at all good book stores], where I also 
show with what tact Dante has at times introduced either a philosopher or a 
theologian to discuss matters pertinent to the contemplative sciences in an 
understandable fashion, never deviating from the credible.”62
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The loyal Florentine academicians and the independent Alterati had been 
at pains to demonstrate the propriety and elevation of Dante’s use of science 
against those who, like the infl uential critic Ridolfo Castravilla, objected 
to poetry’s condescending to “scholastic matters.” “Truly, when I consider 
Dante’s Comedy, I see nothing but a medley, miscellany, and muddle of learn-
ing that he could have had from any old monk.”63 The muddle began in Hell 
with a complicated staging for which the Florentines had devised a suitable 
landscape. It met with objections. The Accademia Fiorentina deemed it nec-
essary to reply. It was a job soon discharged by the Academy’s young practi-
cal mathematician, Galileo.64

1.3 char acter analysis

Critical insights

As the Dante dispute culminated, the practiced Florentine academicians 
undertook to judge the relative merits of Ariosto and Tasso. Orlando furioso, 
published fi rst in 1516 and defi nitively in 1532, was a product of the high Ren-
aissance, of the time of Raphael, Michelangelo, and Machiavelli. It violates 
almost every one of Aristotle’s rules except the pleasure principle.65 The Furi-
oso is a mixture of Greek myth and medieval romance, and, by operation of 
its magic, of Harry Potter and The Lord of the Rings, and fuller than any of them 
with episodes that do not advance its scarcely discernible plot. For invention 
it has few peers: magic, antimagic, spells and counterspells, brave knights 
and beautiful maidens in profusion, courtly and carnal love, dragons, duels 
and battles, jousts, Amazons. Through it runs an irony that reduces the too-
virtuous knights, the too- beautiful maidens, and the two-timing magicians 
to their human equivalents. A master of soap opera and cliff-hangers, Ari-
osto breaks off a fi ght to the death, a seduction, shipwreck, or hair-breadth 
escape to return to an equally fraught situation interrupted a thousand lines 
earlier. “I must stop here as there is an English knight demanding to have his 
turn.” “If my story pleases you, you can fi nd it again later.”66

Two of these stories will indicate the pace and playfulness of the whole. 
While the lovesick ninny Orlando disappears for several thousand lines, his 
beloved Angelica has many adventures with men and monsters. In one of 
these, which later inspired a famous painting by Ingres, a community of 
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terrifi ed Scots ties her naked to a rock to appease the hunger of an orc. As 
dinnertime approaches so does the knight Ruggiero on a fl ying horse. He 
rescues the luscious maiden and lands on a soft meadow. Too eager for his 
reward, he gets entangled in his armor while Angelica, capitalizing on his 
fumbling, deploys the magic ring she wears—the only thing she wears—
to make herself invisible. Poor Ruggiero, at last stripped for action, gropes 
about like a blind man. “Many a time he hugged the empty air, hoping to 
clasp the damsel in the same embrace.”67

Thus saved from himself, Ruggiero was able to concentrate his attention 
on his true love, the lady warrior Bradamante. The tale required that they get 
together as the Adam and Eve of the House of Este, under whose patronage 
Ariosto composed his poem. Bradamante spends most of her time look-
ing for Ruggiero. One evening she is surprised by darkness in a place with 
only one castle where she might fi nd shelter. The castle had unusual house 
rules. The fi rst knight to arrive was welcomed (or two or three, if they came 
together); a subsequent applicant would be housed only if he could defeat the 
incumbent(s) in a duel. A similar rule held for women with beauty rather than 
valor as the criterion. Three touring Swedish champions were settling down in 
the castle when Bradamante demanded accommodation. She easily unseated 
the Swedes and took her place at the fi reside wearing her helmet. When she 
removed it she presented her host with a puzzle. There already was a woman 
guest in the castle. Though exquisitely beautiful, she was a hag in comparison 
with Bradamante. Could a person who had obtained entry on one ground 
also evict on another? The rules did not cover the case. Bradamante improved 
the paradox: if the earlier guest had been more beautiful than she, would she 
have had to leave? The answer can be found at the end of canto 32.68

The inventiveness, irony, and liveliness of Ariosto’s beautifully told tall 
tales made them immensely popular. Some 25,000 copies of the Furioso 
were printed in the sixteenth century. Verses set to music, by Byrd and Bardi 
among others, were sung by admirers high and low, literate and not. Men of 
such different good taste as the Galilei, Montaigne, Cervantes, La Fontaine, 
Voltaire, Lessing, Goethe, Hegel, Foscolo, and Croce prized the adventures of 
Ruggiero, Bradamante, Astolfo, Angelica, and the rest.69 Who cared whether 
the Furioso, the high entertainment of the age, sinned against the conven-
tions? Tasso’s admirers. Many of them hailed Gerusalemme liberata (1581), curi-
ously also a product of Este patronage, as more profound and better behaved 
if less entertaining than Ariosto’s masterpiece.
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During the half-century that separated the poems, much had happened 
to endorse the sombre, even melancholy, tone of the Liberata. The Council 
of Trent had tightened doctrine and discipline to meet the Protestant threat. 
The popes had set up the Index of Prohibited Books, resurrected the Roman 
Inquisition, and nourished the Society of Jesus. The Turks, though defeated 
at the naval battle of Lepanto in 1571, still menaced the seas as pirates and 
the land as conquerors. The age required a new heroic poem. Tasso’s theme, 
the great Christian epic of the establishment of the Kingdom of Jerusalem in 
1099 under Godfrey of Bouillon, hit the mark. It became a favorite among 
the Jesuits and almost an offi cial poem of the Counter Reformation.70 None-
theless it has its budget of magic spells and chivalrous adventures. Not only 
were they expected in a heroic poem, but without them Tasso could not have 
accounted for his actors, whose heads he supposed to be fi lled with the old 
romances.71 Of irony, however, there is not a hint. Tasso’s idea of fun was a 
river whose water causes imbibers to laugh themselves to death. “This river 
also makes me laugh my head off [Galileo scoffed] since no one in the entire 
work enjoys, has enjoyed, or is willing to enjoy, an iota of laughter.”72

What the Liberata lacks in rollicking good fun and ironic distance it almost 
makes up for in seriousness of purpose, unity of plot, and depth of charac-
ter. Tasso’s crusaders are not perfect; their heroism stutters, they suffer from 
uncertainty, indecision, the human condition. Godfrey sometimes behaves 
stiffl y or foolishly. Despite his age and wisdom, he swallows the sorceress 
Armida’s autobiography of virtue and chastity, although her purpose in vis-
iting his camp is to seduce as many of his men as she can. His blindness and 
her slowness irritated Galileo. “Madonna Armida, knock it off [stare i madri-
galetti], otherwise Godfrey if he has any brains will fi gure out that you are a 
cheat and send you to a bordello . . . ” While Godfrey should have been worry-
ing about supplies, troops, the approaching Muslims, and so on, “you [Tasso] 
consume 100 stanzas and more retailing four sluttish tricks of Armida and 
describing the poltroonery of fi fty champions who abandon the army and 
their honor to follow her.”73 Later critics tend to agree with Galileo’s censure 
of Tasso’s prolixity and misplaced grandiloquence, although they do not 
enter into conversation with him and his characters as Galileo did.74

The fi rst serious assertion that the wordy, elevated, melancholy, psycho-
logically penetrating Latinate Liberata was superior to the light-hearted, 
superfi cial, ironic, playful, popular Furioso reached Florence in 1584. Among 
the fi rst to the portcullis was Ricasoli, who, giving direction to the Alterati, 
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offered the general thesis that “Ariosto merits greater praise than Tasso.”75 
Galileo’s “Considerations on Tasso” often parallel the discussions at the 
academies, even in their more whimsical parts, although with a bite that has 
caused his later admirers puzzlement and even embarrassment.76 Galileo’s 
cuts and thrusts should be regarded as material for sprightly debates among 
brash young literary men, private notes for knockdown confrontations with 
members of the Alterati, who tended to favor Tasso, not formal literary criti-
cism for later depth analysis.77 He could play very well—against Ariosto as 
well as Tasso—the Florentine game of culling barbarisms, Latinisms, inept 
words, pedanticisms, stuffi ng, lard, veneer.78

Galileo’s substantive criticism of Tasso may provide deeper insights into 
his than into the poet’s character. Perhaps his most frequent serious charge 
is poverty of invention. “I’ve always thought that this poet is, in his inven-
tions, above all mean, poor, and miserable, whereas Ariosto is magnifi cent, 
rich, and marvelous.” Leafi ng through the Liberata is like wandering through 
a collection of objects “unusual for their antiquity or rarity, but in fact trivial 
things, a petrifi ed crab, a dried chameleon, a fl y and a spider in amber, some 
of those dolls said to come from Egyptian tombs, and, as for pictures, some-
thing sketched by Baccio Bardinelli or Parmigianino, and a thousand other 
small things; but as soon as I enter the Furioso, I see opening up a wardroom, 
a tribune, a royal gallery with a hundred ancient statues by the most cel-
ebrated sculptors . . . and a great many vases of crystal, agate, lapis lazuli, and 
other gems, full to overfl owing with precious, marvelous things, all excel-
lent.”79 From which we may infer that Galileo prized inventiveness when it 
produced great and beautiful things. Pedestrian wonders or out-of-the-way 
oddities meant nothing. He would observe this principle in holding back his 
small or partial discoveries until the telescope revealed to him the greatest 
wonders of the age, and in recommending some of his nicer geometry and 
cosmological speculations as marvels.

Love both carnal and committed is also often on Galileo’s mind. He 
objects to most of Tasso’s love scenes that the parties have no clue what to 
do. The great champion Tancredi, called out to do battle with the ferocious 
Muslim hero Argante, stops en route smitten by the beauty of the warrior 
maid Clorinda. Galileo objects. “God give me patience with this man! Ah, 
Tancredi, you coward, so there are your heroic acts! Ah, to be chosen above 
all others to chastise Argante, and in exchange you stop to make love! What 
a hero! And what a nice place you have found for wooing, at least half a mile 
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from the lady . . . Ah, Dio, Sig. Tasso, are these really your heroes . . . ? While 
you, messer Ariosto, have Mandricardo leap out of the bed where he is lying 
naked with Doralice at the sound of a call to arms.”80 Tancredi’s subsequent 
lovemaking consists of a few grunts and the unwitting killing of Clorinda, 
and of surrender when grievously wounded to the chaste Erminia, who is 
better at pharmacy than at fl irting.81

Tasso could write love scenes, from experience it was said, one of which, 
the cooing of Armida and her love-captive Rinaldo, has inspired many 
paintings and at least one opera. The scene in Armida’s pleasure garden just 
before the arrival of two knights sent by Godfrey to remind Rinaldo of his 
duty contains the line, “She swoons in his caress / cheeks fl ushed and bare / 
While silver beads of sweat their charms enhance.” Galileo: “I’ve never seen 
sweat go white except around a horse’s testicles.”82 He objected to explicit 
descriptions even in Ariosto. He did not scruple to rewrite couplets in the 
Furioso to remove references to a girl’s thighs and French kissing.83

A usually sound critic has deduced that “Galileo never knew the dreams of 
love.” The same authority found evidence that Galileo showed a deep insight 
into female psychology in one of his notes on Ariosto. Angelica, needing 
a manly escort, must choose between Orlando and the King of the Circas-
sians. She chooses the king, not because of his status but because she thinks 
that she can govern him more easily than she could the superhero. Galileo: 
“A marvelous description of female behavior: and this is one of the reasons 
that most women prefer people of lower  condition to men held in high 
esteem.”84 It seems rather the jejune generalization of a jilted young man. 
That Galileo had been rejected in this way may explain his admiration for the 
behavior of the ferocious Rodomonte when Doralice jilted him for Mandri-
cardo. Rodomonte thereupon prayed that his friend King Agramante, who 
had endorsed and enforced her choice, would lose his kingdom so that he, 
Rodomonte, could restore him to it, “and make him see that a true friend 
ought to be favored, right or wrong, even were the whole world against 
him.”85 Perhaps it is far-fetched to imagine Galileo as Rodomonte and the 
father or brothers of the girl who may have jilted him as Agramante.

Besides love and invention, Galileo’s criticism shows a constant concern 
for verisimilitude. The line is diffi cult to defi ne where the miraculous appears 
at every turn. Ariosto’s wonders seem realistic, because coherent and kept 
at an ironic distance; Tasso’s often fail, because unnecessarily implausible 
and presented as true. Where Tasso gratuitously violates mathematics and 
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physics Galileo pounces. From a position on the walls of Jerusalem Erminia 
identifi es individual crusaders and defenders skirmishing on the plain. “Now 
if we calculate that the action takes place over a mile away . . . Erminia could 
see things that in our time cannot be distinguished even at a furlong.” She 
must have had an early telescope. Armida’s palace offends against all Galileo’s 
rules for verisimilitude. It has a garden inside and, within the garden, hills, 
valleys, woods, caves, rivers, and ponds. It sits on the top of a mountain on 
an islet in the Canaries. “The palace must have a circumference of hundreds of 
miles, though it is built on a mountain peak; the base of the mountain must 
be thousands of miles around; the islet in the Canaries on which it rests must 
be the largest island in the world; which runs against the truth, since all the 
Canaries are very small.”86 The realistic treatment of the marvelous in Arios-
to’s style became a frequent and powerful literary technique with Galileo. His 
appreciation of tall tales told realistically would help him to slide easily from 
the hypothetical and probable to the true and necessary, as in his eventual 
rendition of the Copernican system as something akin to revealed truth.

Delving deeper, we may fi nd that Tasso was out of Galileo’s psychological 
depth. Tancredi is not a coward but a Hamlet character. Godfrey is a good 
leader because he listens and deliberates. Galileo misses the emotion in the 
affair of Tancredi and Clorinda, Oscar Wilde’s notorious proposition that 
“each man kills the thing he loves.” He does not like “effusive sentiment 
or delicate melancholy.”87 Critics have slated his criticism as too strict and 
mathematical, as in his concern over the size of Armida’s estate.88 Was it his 
classicism or his conservatism that made him “deaf to the more modern in 
Tasso’s pathetic treatments”?89 The cause lies deeper: Galileo could not toler-
ate ambiguity in character any more than in geometry. He came to judge con-
temporaries, his friends and opponents, in the same black-and-white terms 
he applied to fi ction. So, although he could praise Tasso occasionally for a 
well-turned phrase, as in his description of the façade of Armida’s palace, 
and even for a good speech, as in Argante’s retort to Tancredi at the com-
mencement of their fi nal duel (I weep not for my fate but for Jerusalem’s), he 
begins and ends his “Considerations” without a nuance.90 At the beginning: 
“Tasso performs his work roughly, jerkily, and crudely for want of everything 
needed for it.” At the end: “The rest of the stanza is feeble as usual, meaning-
less, unexpressive, portraying nothing with his usual generalities.”91

Galileo’s aversion to complexity of character, which is of a piece with his 
depreciation of history, is the obverse of his compulsive attention to linguistic 
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details.92 He preferred perfecting Ariosto’s language to sounding Tasso’s psy-
chology. “The persuasive force of Galileo’s analysis diminishes as the inspira-
tion and poetic return of the pages examined increase.”93 As in literature, so 
in physics Galileo dealt more comfortably with the accidents than with the 
essences of things. Again and again we shall fi nd him avoiding causal accounts in 
favor of mathematical descriptions. The avoidance produced his best work and 
some of his worst “marvels,” just as it resulted in apt but also in excessive criti-
cism. Galileo’s ducking of causal connections in physics and discomfort with 
depth of character in literature, and his reliance on mathematics in offense and 
defense, had the same psychological roots. Initially the ducking, the discomfort, 
and the reliance protected him from risk-taking; but in time they blinded him 
to the risks he ran. Galileo’s particular genius, his literalness, black- and-white 
judgments, hypochondria, and shallow psychological depth perception made 
a Manichean personality.

A shrewd critic has described Galileo’s argumentative style as a chivalric 
duel to the death. “He never takes his adversary by abrupt frontal attack, but 
after a courteous greeting stands back to await the fi rst blow. Going on the 
defense, he entices his opponent to advance. Suddenly he strikes where least 
expected, and, profi ting from the surprise, presses in, pushes back, knocks 
out his adversary, and withdraws without taking any further notice of the 
combat.”94 An apt image. “Orlando furioso was always present in [Galileo’s] 
mind.”95 Galileo was an Orlando in argument, and, like Ariosto’s paladins, 
developed the skill of slicing his adversaries in half without their noticing it.

We need not limit the consequences for science of Galileo’s addictive read-
ing to his style of argument or to the clean, crisp, limpid, precise, assured, 
ironical, natural, direct style that, he told Viviani, he acquired from frequent 
readings of Ariosto.96 There may be much more. “Ariosto, the true painter 
of the beauty of nature, helped Galileo in some way in reading the heavens 
and revealing the earth, for pictures in the imagination contribute not a little 
to inform and direct the meditations of the philosopher.”97 We know the 
effect of reading and rereading stories of derring-do, of chivalrous knights, 
of maidens in distress, of a single hero victorious against an army. We know 
it from the behavior of another reader of the Furioso, the melancholic knight 
of the rueful countenance, Don Quijote de la Mancha. Was Erminia’s tel-
escopic vision present in Galileo’s mind when he perfected his spyglass? Did 
he recall the competent anonymous nymph of the Furioso, who, “with simple 
words moved the earth and stopped the sun,” when he meditated about the 
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Copernican theory?98 Did he remember Astolfo’s voyage to the moon when 
he began to explore the heavens?

Madness

Duke Astolfo, Orlando’s caring cousin and fellow paladin, fl ew to the moon 
in a chariot pulled by winged horses to look for the great champion’s wits. 
That was perfectly reasonable since all things lost here end up there. The 
moon turned out to be a second earth, with rivers, lakes, plains, valleys, 
mountains, and spacious forests fi lled with accessible nymphs.99 In his lunar 
travels, Astolfo came across lost reputations, abandoned loves, discarded 
treaties, forgotten charities, faded beauties, everything, indeed, except folly, 
“which abides with us on earth,” before coming to a mountain of brains 
kept in bottles to avoid evaporation. “The one containing the mighty brain 
of Orlando was the biggest of them all.” Astolfo’s amazement at these won-
ders was nothing compared to his shock on fi nding a small vial containing 
some of his own wits, which he had not missed, and other vessels fi lled 
with the brains of people he had deemed perfectly reasonable. There were 
wits lost in loving, in putting faith in princes, in seeking honors, wealth, 
or some other imagined good. Philosophers, mathematicians, astronomers, 
and poets were particularly well represented: “Di sofi sti e d’astrologhi rac-
colto / e di poeti ancor ve n’eran molto.” Astolfo inhaled his missing wits 
and returned to earth with Orlando’s and the conviction that everyone is 
more or less crazy.100

The earliest documents in which Galileo gives an account of himself con-
cern madness. The account is a byproduct of Galileo’s testimony in a court 
of law about Ricasoli’s mental state during the spring and fall of 1589.101 The 
question on which the case turned was whether Ricasoli was in his right 
mind when he made his will late in 1589 in favor of a cousin to the exclusion 
of his sister. The defense (which sought to uphold the will) tried to show that 
Ricasoli had normal dealings with bankers and tradesmen during the time 
he supposedly was mad. Would it be right for a merchant to take advantage 
of a deranged gentleman? Following this line of inquiry, the court elicited 
information that may explain how Galileo, who had no fortune or regular 
income, could afford to run with the Ricasolis. Would it be right to play 
cards for money with a mad man? And did you, Galileo, not gamble at cards 
with the unfortunate Giambattista, and win considerable sums? Galileo 
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admitted to gambling with Ricasoli and others but claimed to have forgotten 
the stakes and the winnings. Another gambler, Jacopo de’ Medici, testifi ed 
that on one occasion he had seen “one of the Galilei” at cards, which sug-
gests that Galileo’s teenaged brother Michelangelo might have been involved 
in the play too. Galileo recommended himself to Ricasoli and the others by 
his general ability and well-stocked mind, and almost certainly also by his 
dexterity at casting horoscopes; but he also owed his easy familiarity with 
them and his pocket money to his ability at games of chance.102

A calculation by Galileo of the relative frequencies of specifi c throws with 
three dice has survived. Its main operative result is that 10 turns up more fre-
quently than 9 once in 108 throws. Only a frequent player could hope to use this 
information to advantage.103 As a good gambler Galileo occasionally bluffed by 
raising the stakes on a losing hand—a technique he later identifi ed with the pro-
pensity of his philosophical opponents to add reckless worthless arguments to 
bad ones. This criticism applied better to him. His later claims about experi-
mental results and theoretical insights contained a quantity of bluff.

Galileo’s account of his fellow gambler’s madness is a well-observed clini-
cal history of progressive “melancholy.” One evening while the two were 
lying in bed together (nothing need be read into this) Ricasoli suddenly 
announced that he had to leave Florence immediately because he had com-
mitted great crimes for which the Medici had condemned him to death. For 
much of his fl ight he had the company of his cousin, Giovanni Ricasoli, and 
of Galileo, who took care to keep Ricasoli’s relatives informed about their 
travels. Toward the end of the walkabout, after Galileo had left the company, 
Ricasoli wrote the disputed will giving his estate to Giovanni. Galileo testifi ed 
to Ricasoli’s progress from fear, hypochondria, and sleeplessness to neglect 
of person, clothes, and health—a sequence similar to Ariosto’s description 
of Orlando’s descent into insanity, which Galileo thought particularly per-
suasive.104 Symptoms included fl eeing shelter in the middle of the night, talk-
ing of the dead as if they lived, going about in mourning, praying endlessly, 
and, in one classic instance, running away from a priest whom he suspected 
of coming to administer the last rites before the Medici murdered him. After 
a hard and dangerous trip made more perilous by the need to dodge the 
priest, Ricasoli’s party reached Genoa. He immediately announced that the 
following day they would fl ee to Turin.

That decided Galileo to try to place his troubled friend under medical 
care. A stratagem was necessary since Ricasoli supposed that the Medici 
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employed doctors as well as priests in their assassinations. At that time a 
young nun in Florence aptly named Maria Maddalena de’ Pazzi was having 
widely publicized visions that revealed among much else that melancholic 
fi ts came directly from God. Perhaps with her revelations in mind Gali-
leo found a monk in Genoa willing to tell Ricasoli that a nun there had 
had a vision that a Florentine nobleman affl icted with melancholy would 
seek refuge in Genoa. According to the fake vision, God had decided that 
Ricasoli had suffered enough. “And because the Almighty operates most 
often by natural means, he wanted the gentleman to seek relief in medi-
cines for the causes that, with God’s approval, have caused these humors 
in the gentleman’s body.” Ricasoli accepted this charade, compounded of 
true concern, invention, and good humor, and put himself in the care of a 
doctor. Galileo went back to Florence intending to return to Genoa with 
fresh clothes for the furioso. But in a few days Ricasoli was on the move 
again, this time to Milan, where he made his will. Galileo saw him only 
once again, “more melancholy than ever.”105

In alarm Galileo advised Ricasoli’s uncle Lorenzo Giacomini that Ricasoli 
“needed very great and urgent care.” Giacomini knew something about mad-
ness. In a famous lecture to the Accademia Fiorentina in 1587, he had agreed 
with Aristotle that the furor poetico was an affl iction of the black bile, that is, a 
form of melancholy; when enhanced by astrological infl uences and wine, it 
stimulated “potent phantasms,” powerful imaginings, compulsive behavior, 
“arising not from one’s own discourse and judgment, but from nature.”106 
Alas! doctors neither of the body nor of the soul could cure Ricasoli’s furor, 
and his expectation of an early death was soon fulfi lled.

The court wanted to know how Galileo had arrived at his diagnosis of 
melancholy:

Q. How do you know when someone is out of his mind?

Q.  By many signs, particularly believing in things entirely false and 
impossible.

Q. How do people deranged by melancholy humors act?

A.  Some think themselves wild beasts, others that they have monstrous 
limbs, others that they are dead, and most, “according to the doc-
tors,” fear that they will meet a violent death.

Q.  Is a gentleman who prays all the time of sound mind and is prayer 
a form of madness?
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A.  Praying continually is not a symptom of madness since prayer is not 
a form of madness.

Q.  Is it reasonable or not to think about death and is it a good idea for 
a reasonable and prudent man to prepare for it through prayer or 
otherwise?

A.  Thinking about a natural or violent death may be reasonable as is 
preparing for it through prayer and other means.

Q. Is everyone who suffers from melancholy humors mad?

A.  Those who suffer much from melancholy humors can be supposed 
mad, since melancholy humors are among the sorts of infi rmity that 
according to doctors attack the mind; and people who suffer from 
such humors cannot be deemed very reasonable for only those so 
qualify who in all their actions make perfect use of memory, speech, 
and imagination.

Q.  Have you seen people in Florence with melancholy humors who are 
not thought crazy?

A. No.

Q.  Can people who take medicine continually have problems and 
become delirious about their disease?

A.  There are diseases in which the victim usually is delirious, full of 
imaginings, and upset by medication.

Galileo had learned something about the symptoms and treatment of dis-
orders caused by melancholic humors in his medical course. As he pointed 
out to the court, almost everyone given to study was melancholic. That was 
an old association, taught by astrology and confi rmed by the pasty faces 
of bookworms. A disease caused by a surfeit of melancholic humors that 
impeded operations of the mind was something altogether different.107

Galileo was to have bouts with melancholy all his life. He was often ill 
and in debt, and when solvent and well, worried and hypochondriac. Like 
his poor friend Ricasoli, he did many self-destructive things and imagined 
himself pursued by a legion of enemies. The last and greatest of his mel-
ancholic acts was his late-in-life challenge to the Roman Catholic Church. 
That raised an individual’s melancholia to world importance. We know from 
the great anatomist of melancholy, Galileo’s younger contemporary Robert 
Burton, that the condition could produce a conviction of knowing the truth 
and a missionary zeal to impose it on others; in its severest form it brought 
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a series of weights at equal intervals, the second being twice, the third three 
times, and the fourth four times as heavy as the fi rst. Suppose D to be at the 
center of the arm and let all the weights a, b, . . . have the same value; they have 
different labels in the fi gure to make the analysis easier to follow. The center 
of gravity of the fi ve a’s is at D; of the four b’s, half way between C and D; of 
the c’s, at C; of the d’s, half way between A and C. If they are all moved into 
these positions, the balance arm would remain in place: X does not move. 
The situation is that of Figure 2.6b: the same distribution of weights obtains, 
but in reverse order and with half the distance between successive points of 
suspension. (Here is where the bilancetta reversal comes in.) X must therefore 
divide the two balances AB, AD in the same proportion: AX:BX = AD:AB 

fig. 2.6 Galileo’s lemma on centers of gravity.
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= 1:2. Hence the point X lies one-third of the way from A to B. The center 
of gravity of the paraboloid of revolution is an anticlimax. Let it be divided 
into disks of equal height as in Commandino’s scheme. Since the weight of 
each disk is proportional to the area of its base, and since, by the “symp-
tom” of the parabola, this area is proportional to the distance of the center 
of the base from the vertex, Galileo recovered the situation of the balance 
with an arithmetically increasing load. The center of gravity of a parabolic 
section therefore lies along the axis one-third of the way from the base to 
the vertex.26

The goal of Galileo’s play on the balance was to determine the center of 
gravity of solid fi gures. He began with the progression of weights just ana-
lyzed and added to it four others, starting the second under E, the third 
under D, and so on. That places a weight of 1 under B, 3 under E, 6 under D, 
etc., or, in an obvious shorthand {1,3,6,10,15}. The sequence {1,2,3,4,5} has its 
center of gravity X1 at AB/3, counting from A. X2, the corresponding point 
for {0,1,2,3,4}, lies at AE/3, that is, at C; similarly X3 lies at (2/3)AC, X4 at (1/3)
AC, and X5 (for {0,0,0,0,1}) at A. Reversing as before, the weights would be 
in equilibrium on a lever arm AX1 = AB/3 with center of gravity at point Y1, 
where AY1:BY1 = AX1:AB = 1:3. The barycenter of {1,3,6,10,15} therefore lies 
at C, one fourth of the way from A to B. It would be a good guess that the 
barycenter Z1 of staggered sequences {1,3,6,10,15}, which produce the distri-
bution {1,4,10,20,35}, lies at AZ1 = AB/5. Galileo stopped with two sequences, 
{1,3,6,10,15} + {0,1,3,6,10} = {1,4,9,16,25}, which gives loading proportional 
to the squares of the distances. He deduced that its barycenter Y must lie 
between those of the constituent sequences, Y1 and Y2, that is, between AC 
and 3AC/4.27

The same can be said for the position of the center of gravity G of a right 
cone whose axis equals the lever AB, and whose cross-sections are approxi-
mated by a set of inscribed disks of the same height, as in Figure 2.7, and 
by a similar set of circumscribed ones. The barycenter Gi of the inscribed 
system lies below, that of the circumscribed system Ge above, G. This is 
all that Galileo could get from his technique of reversing weights around 
their center of gravity. To show that G divides the axis in the ratio 1:3, he 
had to employ the method of exhaustion. He had not developed the appro-
priate analogy with the balance. That would have required dividing the 
line AB ever more fi nely and charging each division according to the law 
of squares. For fi ve divisions, {1,4,9,16,25}, the barycenter falls at (10/11)AC; 
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for 9 divisions,{1,4,9 . . . 81}, at (54/57)AC. With increasingly fi ner divisions, it 
approaches C as closely as desired. This would have corresponded to dimin-
ishing the heights of the cone’s inner and outer cylinders ad libitum,  driving 
Gi and Ge toward coincidence at a point one-fourth of the way from the 
cone’s base to its vertex. Instead, Galileo abandoned the procedure of his 
lemma and applied the method of exhaustion directly to the cone in a stand-
ard reductio ad absurdum.28

This result sets up the fi nal proposition, which Galileo regarded as his 
 special “invention.” It states, in the jabberwocky formulations of the old 
geometry, that the frustum of a cone or pyramid has its center of gravity 
at a point that divides the distance between the smaller and larger bases as 
“three times the greater base plus twice the mean proportional between the 
greater and the smaller bases plus the smaller base is to triple the smaller 
base plus the said double of the mean proportional distance plus the greater 
base.” In plain algebra, if a and b are the radii (or sides) of the bases, then, if 
X in Figure 2.7 is the center of gravity of the frustrum, PX:QX = (3b2 + 2ab + 
a2):(3a2 + 2ab + b2). Galileo demonstrated this equivalence through a welter 
of opaque proportions based on the clear background idea of the law of the 
lever—but not employing his ingenious lemma. Taking the known cent-
ers of gravity of the small and large cones (at A and B, respectively) and the 
unknown center of the frustum at X, he had AB:XB = ([B]–[A]):[A], where 
the bracketed quantities indicate the volumes of the two cones. From this 
equation and the known relationships PA = OP/4, OP:OQ = a:b, [A]:[B] = 
a3:b3, the desired ratio, PX:QX = (PB + BX):(QB–BX), can be obtained with the 
expenditure of a little algebra.29
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fig. 2.7 The center of gravity of a truncated cone.
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Galileo’s theorems showed his mastery of the ancient methods but did 
not command immediate consent. Florentine adepts to whom he showed 
them spied a petitio principii, or vicious circle, in his trick of reversing weights 
without moving their center of gravity. Had he proved or just assumed that 
the center of gravity would remain in place during the mental manipulation 
of the weights hanging from it? Galileo appealed to outside experts. He fi rst 
approached the dean of Jesuit mathematicians, Clavius, to whom he deliv-
ered his propositions in person in Rome toward the end of 1586. Clavius 
 encouraged him, not only because of the theorems but also for the sake 
of their common discipline. Still, mathematics must be correct as well as 
respected, and Clavius suspected that his new protégé had indeed commit-
ted the petitio of which he stood accused. As for the golden proposition, the 
center of gravity of a truncated cone, it was too much for Clavius. “I’ve not 
yet had time to review this demonstration. I’m waiting for an opportunity to 
refresh my mind about the subject . . . ”30 A similar answer came from Guido-
baldo del Monte, who happened to have in press a paraphrase of Archimedes 
on equilibria and centers of gravity, “a refi ned and profound science,” which, 
he thought, still lacked a good demonstration of the barycenters of parabo-
loids and conoids. Galileo’s allegedly circular proofs would not do.31 In fact, 
Galileo’s reversing trick is sound but irrelevant.

Galileo’s answers to these objections were modest but fi rm: he wrote 
with due deference to social position and seniority but perfect equality 
in mathematical matters. He sent a more refi ned version of his argu-
ment; Clavius was not convinced, and hedged. “I am not an oracle.” The 
Archimedean martinet del Monte soon came around: he had not under-
stood at fi rst, owing (he said) to the conciseness of the argument. Eve-
rything now agreed perfectly and Guidobaldo recognized Galileo as 
his master.32 Whether Clavius ever managed to persuade himself of the 
soundness of Galileo’s theorems does not appear from the surviving 
correspondence. While Italians weighed their judgments, Galileo had 
the satisfaction of receiving the endorsement of a mathematician from 
Antwerp, Michel Coignet, who received a copy of the theorems through 
the mapmaker Ortelius, who had them who knows how. Coignet under-
stood immediately because, he wrote, he had obtained the barycenter of a 
frustum of a paraboloid in a manner similar to Galileo’s treatment of the 
frustum of a concoid. Galileo’s way was more general: “your invention is 
worthy of acceptance by anyone who cultivates these arts . . . and we offer 
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you endless thanks for such a favor.” In exchange, Coignet propounded 
a geometrical problem, “which we solve with a little application of the 
procedures and rules of the great art, or algebra.”33 That would not have 
recommended it to Galileo.

In order to secure ownership of his unpublished Archimedean exercises, 
Galileo had them certifi ed by friends of high standing: Bardi, Strozzi, Rica-
soli, and Alamanni.34 The choice confi rms that during his gap years Galileo 
identifi ed more with the interests and members of the Alterati than with 
mathematical problems and mathematicians. Since the signatories, espe-
cially Bardi and Strozzi, had easy access to the grand duke, they may well 
have signaled Galileo’s merits to him and joined with the del Monte broth-
ers in recommending Galileo for a lectureship in Pisa.

2.3 de motu

Borro and Buonamici

When he returned to Pisa as professor in 1589, Galileo became the colleague 
of his former instructor in physics, Buonamici. Borro too was present, virtu-
ally, through his books and polemics, though he had left for a post in Peru-
gia. Neither practiced physics as we do. Insisting on their role as presenters 
of Aristotle’s texts in a form as close to the original as they could get, they 
did not aspire to develop a new philosophy, or even a new physics.35 Borro’s 
concept of his job—“effac[ing] myself before those most eminent men in all 
the liberal arts who speak through me . . . and from whom I have the science 
that makes me what I am”—suffi ciently indicates the goods he had on offer. 
“I am not one who thinks himself able to fi nd something new.”36 Like many 
devoted spokespeople, Borro came to live, breathe, and defend the doctrine 
that, according to his exegetical principles, he merely transmitted. Michel 
de Montaigne, who visited Pisa during Galileo’s fi rst year there, discovered 
that although Borro could be good company he was “such an Aristotelian 
that his . . . rule of all sound ideas and true knowledge is conformity with the 
teachings of Aristotle; beyond that, there are only chimeras and nonsense.”37 
Borro said as much of himself: “there is no logic above or beyond what Aris-
totle teaches, nor any other method than what I intend to teach.”38 Careful 
and responsible exegetes too easily can take as truths of nature what are only 
accurate readings of texts.
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Borro had not made his mind politically correct when closing it. He 
belonged to the Averroistic line of Aristotelian commentators, who dif-
fered over certain points in the capital subject of motion from the Greek line 
represented by Buonamici. Believing that Averroes, “a philosopher beyond 
praise,” had solved all the little problems that troublemakers had raised 
against Aristotle’s system, Borro saw no reason to read or cite any authority 
later than the twelfth century.39 He was prepared to suffer for his faith. One 
of several dangerous old doctrines he taught held that the rotating sphere 
of the stars contained the entire universe: nothing lay beyond, no heavenly 
bodies, no throne of God. The local inquisitor instructed him to introduce 
a Christian heaven beyond the stars. Borro responded by declaring from his 
podium, “I have maintained and proved that nothing exists beyond the [stel-
lar] sphere; I’ve been told to retract; I assure you that if there is anything 
there, it can only be a dish of noodles for the inquisitor.”40 The Inquisition 
rewarded Borro’s intransigence by maintaining him for a time at its own 
expense in one of its prisons. Galileo may well have been Borro’s student in 
1583 when he returned, shaken, from this last of several incarcerations his 
teaching had earned him.

It is hard to fi nd people nowadays who worry whether “simple light and 
heavy elements are moved in a straight motion per se and by themselves, or 
per alia, by other bodies.” For those who do, the Averroistic answer is per se, 
the Greek tradition per alia, but in practice both schools took both agencies 
into account.41 Fire, the lightest material, proceeds upward, away from the 
earth’s center, and earth downward, by their natures, absolutely; whereas air 
will fall in fi re but rise in water, and water is heavy in air and light in earth. 
With these obvious things premised, it is easy to get into trouble. Take the 
question whether air weighs (has a tendency downward) in air. No, because 
if so the atmosphere would be in perpetual vertical motion; or yes, because 
an infl ated bladder is heavier than an empty one.42 Borro chose the second 
alternative and so could solve the puzzle why a big chunk of wood falls faster 
than a small piece of lead in air but swims in water while the lead sinks. 
Wood falls faster because the large amount of air it contains weighs some-
thing in air; it fl oats because the same air is light in water; whereas the lead, 
containing no or little air, is heavy everywhere.43

Bodies are moved in natural motion in proportion to their gravity (or 
levity) whether absolute or relative, and are slowed in proportion to the resist-
ance of the medium through which they move. Hence, as Aristotle taught, all 
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bodies would have the same speed—infi nite—in a vacuum. Since that is, or 
sounds, absurd, void cannot exist in a peripatetic world. Natural motion does 
not occur at a constant speed, however; heavy objects move faster as they 
near the earth, light ones as they ascend toward the moon. Why the accelera-
tion? Borro offered several standard explanations and picked  “antiperistasis”: 
 propulsion by air continually rushing in to fi ll the space vacated by the moving 
body in order to prevent the formation of a vacuum.44 He took up several 
questions harder even than these, for example, whether another earth would 
draw ours or vice versa, and how magnetism works. But since, as he says, 
these are most diffi cult matters in a subject already suffi ciently perplexed, and 
as Galileo did not follow him there, neither shall we.45

During the same year, 1583, when Borro stayed for the last time with 
the Inquisition, he published in Florence the third edition of his dialogue on 
the tides, Del fl usso e rifl usso del mare. Galileo knew this book and proposed the 
same title for the work we know as the Dialogue on the two chief world systems 
(1632). In both dialogues the author cast himself in the lead role and worked 
his way through an entire cosmological system before arriving at the topic 
announced in the title—with the difference, to be sure, that Borro wrote to 
defend, and Galileo to destroy, the traditional cosmology. Borro dedicated 
his book on the tides to the fi rst wife of Francesco I, Giovanna d’Austria, 
who had an interest in astronomy. The professor approached the duchess 
through the Salviatis, a family tied by interest, intrigue, and marriage to the 
Medici. Borro had worked as secretary for Cardinal Giovanni Salviati and 
knew the family well; “I was, and will be while I live, and after I’m dead too, 
if that is possible, [the  Salviatis’] most obedient and affectionate servant.”46 
Galileo’s spokesman in the Dialogue on the world systems was another Sal-
viati, Filippo, a shoot of the tree Borro tended.

Borro’s dialogue, written in Italian to attract the same sort of audience 
that Galileo later addressed, takes place in the gardens of the Pitti Palace 
under the genial direction of the grand duchess. (Galileo placed his Dialogue 
in the palace of a Venetian nobleman who acted as host and master of cer-
emonies.) The discussion begins with Borro’s observation that the grand 
ducal gardens were much more pleasant in the summer heat than Roman 
villas with their midges and mosquitoes and brackish water polluted by the 
lead linings of the aqueducts. The duchess suggests that they fi nd something 
to talk about that will keep their minds off the temperature. Borro cannot 
think of  anything. Giovanna: nonetheless you are going to talk, in your usual 
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 antiquated way. A third interlocutor suggests the refreshing topic of the tides. 
Giovanna agrees: she has heard much learned talk about them but nothing 
that made any sense.47 Borro holds back: he does not know Tuscan perfectly 
(he came from Arezzo), knows nothing of modern philosophy and only a 
little of Latin literature, and for relaxation reads only Greek and Arabic. He 
does not escape. Neither do his auditors.48 He begins with a brief account of 
the main features of the Aristotelian world—its three dimensions, its upness 
and downess, its four elements and effective qualities, and so on—and Aris-
totle’s explanation of them as expressions of perfection and proportion. Gal-
ileo was to begin his Dialogue in exactly the same place in Aristotle’s oeuvre, in 
order to reject explanation by perfection.49

Another interlocutor interrupts: what has all this to do with the tides? 
Borro: “good philosophers always proceed in this way when nothing is 
known and everything is sought.” A lucid account of geocentric cosmol-
ogy follows, down to the motions of the moon, which brings the discus-
sion to the theory of the tides: they are swellings of the ocean caused by 
moonlight. The maximum effect occurs around the meridian passage of the 
moon because then the lunar rays strike more nearly perpendicularly and 
work most effectively. The company acknowledges that the theory captures 
the connection between the moon and the tides. But then, they ask, why do 
tides also occur at new moon and under thick clouds? Anyone interested in 
Borro’s answers will fi nd them toward the end of his treatise.50

With these indications that Galileo had learned something from his 
former teacher, let us return to the perplexing question whether air weighs 
in air. Borro affi rmed that it did. He had thrown a chunk of wood and a piece 
of iron, which he thought equal in weight but, typically, had not weighed, 
from an upper window of his house. As often as he did it, he and his stu-
dents noticed that the wood fell faster than the iron. Buonamici obtained the 
same result in a similar experiment of greater precision. Pisa must have been 
a dangerous place when its philosophers were thus philosophizing. Borro 
explained to survivors that the air in wood counts dynamically but not stati-
cally: the wood and the iron could weigh the same on a balance, where the 
included air behaves as a free sample; but when the wood falls, the conveyed 
air in it adds its weight to the whole. That a wooden object descended faster 
than a metal one of equal weight and similar shape was considered a secure 
phenomenon.51 Belief in it, as well as mastery of the intricate Averroistic tra-
dition, was one of the many debts Galileo owed to Borro.52
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Pisa’s junior professor of philosophy, Buonamici, was more learned and 
prolix than his senior, an excellent philologist, and the author of an immense 
summa, modestly entitled De motu, of all ideas ancient and modern about 
motion. Galileo possessed this compendium and used it as a reference when 
developing his own quasi-Aristotelian theories. The size, scope, and depth 
of Buonamici’s black hole of 1,000 dense folio pages made an optical dem-
onstration of his precept that the doctrine of motion was the core of phi-
losophy.53 It also gained him a raise in salary of 15 percent, from 330 to 380 
ducats, not a bad return on an academic book.54 Among the many topics 
later of intense interest to Galileo treated by Buonamici were the relation-
ship of mathematics to philosophy and the merits of Copernican theory.55 
Buonamici was willing to allow mathematicians a place at the symposium of 
knowledge. “What is absurd in mathematics [he conceded] is also troubling 
in philosophy.”56 But only troubling. Take the absurdity of the famous nova 
(“new star”) that illumined the heavens and darkened philosophy in 1572. 
Astronomical observation placed it beyond the moon among the stars and 
planets. According to peripatetic physics, however, the heavens consist solely 
of “quintessence,” a substance neither light nor heavy, constrained to move 
in a perfect circle around the center of the universe, and incapable of other 
alteration. Philosophically speaking, the nova could not be above the moon. 
Mathematically speaking, it had to be among the stars. To the uncomfortable 
question, can a mathematical result that “troubles” philosophy kill a physical 
theory, Buonamici gave an unequivocal “no.”57 Galileo would answer loudly, 
“yes.”

Buonamici dismissed Copernicus’ moving earth and central, stationary 
sun because they violated Aristotle’s demand that philosophy be built on 
confi rmed, everyday, commonsense experience. Among the obvious contra-
dictions to experience Buonamici adduced was the thought experiment that 
Galileo would later claim in favor of Copernicus: dropping a weight from 
the mast of a moving ship. According to the teacher, the weight would fall to 
the poop; according to the student, at the foot of the mast.58 Perhaps neither 
tried it. Buonamici insisted not only that the earth rest, but also that it be 
absolutely still, a rhetorical overkill that might have been directed against 
one of his colleagues, Andrea Cesalpino, a professor of medicine at Pisa. 
 Cesalpino had the pretty taste of decorating the walls of his house with trian-
gles from Plato’s creation myth Timaeus and balls from the escutcheon of the 
Medici. Buonamici did not aim his criticism at this curiosity, however, but at 
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Cesalpino’s suggestion that the earth might dance in place to produce some 
subtle (and spurious) astronomical phenomena deduced by Copernicus and 
in the process, by shaking the ocean basins, create the tides.59

For the rest, Buonamici was as strong a defender of the libertas philos-
ophandi as Borro and perhaps more anticlerical. He introduced the species 
“priest” into the Aristotelian classifi cation of sentient life as a link between 
man and beast. In none of these animals, human or not, did Buonamici 
allow an immortal soul. A religious friend, a follower of the Thomistic syn-
thesis, asked him if he had read St Thomas. Answer: “I don’t read books by 
priests.”60 Like Borro, Buonamici had many powerful friends in Florence, 
beginning with Grand Duke Cosimo I. Unlike Borro, he had a strong inter-
est in modern literature. It did not take him far from Aristotle, however, as 
he won election to the Accademia Fiorentina with a lecture on Aristotle’s 
merits as a literary critic.61

Alexander and Dominicus

Galileo’s offi cial teaching at Pisa did not go beyond the Elements and the 
Sphere, that is, the fi rst fi ve books of Euclid and a commentary on the Sphaera 
of John of Sacrobosco, a short summary of the fi rst principles of astronomy 
composed 450 years before Galileo began to teach it. He served it up from 
Clavius’ Commentary (1581), which, at thirty times the size of the original, was 
neither brief nor elementary. Of original mathematical work by Galileo dur-
ing this period there is not a trace. In addition to the Elements and the Sphere, 
Galileo taught astrology to medical students who needed it to determine 
when not to bleed a patient. The important connection between astronomy 
and medicine is nicely caught by Galileo’s request that his father send him 
his seven-volume set of Galen and his “[armillary?] sphere.”62 The letter con-
taining the request goes on to announce another important connection. “I 
intend to study with and learn from Sig. Mazzoni, who sends his regards. 
And having nothing more to say, I close.”

Mazzoni, the defender of Dante, inspired the entire university by the 
breadth of his learning and the size of his salary. For 700 scudi a year he 
was reworking his earlier contribution to the philosopher’s equivalent of the 
argument over the relative excellence of Ariosto and Tasso: who is to be pre-
ferred, Plato or Aristotle? Mazzoni’s fi rst answer, published in 1576, was “nei-
ther and both”; rightly understood, the Titans of truth had to agree with one 
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liked the idea of being the Orlando or Ruggiero of such a group, which soon 
added Valerio and Welser to its roll, and the novelty of having the intellec-
tual support of a prince. With this encouragement he could risk accepting 
Kepler’s old challenge to come out strongly for Copernicus.154

The Roman holiday was a great triumph. Had it been ancient Rome, so 
Cardinal del Monte wrote Grand Duke Cosimo, the city fathers would have 
erected a statue in Galileo’s honor in the capitol. Something potentially more 
useful was created at the Roman College. Shortly after his return to Florence 
Galileo received a very friendly letter from Grienberger conveying to him in 
Florence the warm greetings of all the Jesuit mathematicians in Rome.155

5.3 mor e r abbits from the hat

Sinking bodies

Filippo Salviati was the sort of man Galileo delighted to know. He was as 
noble a Florentine as could be found, related to all the families that counted, 
generous, open-minded, clever, and rich, richissimo. He had been raised for 
war and courts, enjoyed the similar pursuits of jousting and dancing, and, 
like Galileo, had a compulsion to serve his prince. The knightly virtues of 
Ariosto’s paladins would have had a late fl owering in Salviati if ill health had 
not militated against a military career. In 1606, at the age of 24, he decided 
to retool himself for a quieter life. He learned Latin and Greek, advanced to 
Aristotle and the philosophers, and had reached mathematics when Galileo 
returned to Florence. They became teacher and student, client and patron, 
friends. Between 1611 and 1613, Galileo spent many months at Salviati’s villa 
Le Selve outside Florence recovering from his various ailments, writing, and 
disputing with the learned guests that Salviati patronized.156 The delights of 
Le Selve included many varieties of creature comfort. Salviati employed two-
dozen servants and four soldiers for a domestic establishment that consisted 
of himself and his wife. In wealth, connections, and, above all, intellectual 
compatibility, Salviati was another Cesi.157 Galileo had him enrolled among 
the lynxes.

On a summer’s day in 1611, when Galileo was at Le Selve enjoying the fresh 
air and an argument with two Pisan philosophers, the talk turned to the 
nature of condensation and rarefaction. One of the philosophers adduced 
ice as an example of a body heavier than water. The lynx pounced. Nonsense, 
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he said, ice fl oats on water. On the contrary, replied the philosophers, ice, 
being a solid, is evidently denser; a chunk of ice fl oats because its broad fl at 
surface prevents it from cleaving the water. Nonsense again, said the lynx: 
water has no resistance to the separation of its parts, as is plain from the facts 
that a submerged piece of ice rises when released and the smallest particles 
of mud settle, albeit slowly, to the bottom of a well. Water resists motion but 
not parting. Whether a body sinks or swims depends solely on its specifi c 
gravity.

Some days later Galileo learned that his tireless critic Ludovico delle 
Colombe claimed to be able to show that a body that sinks when spheroidal 
fl oats when formed as a lamina. He offered ebony as an example. Galileo 
declared the demonstration invalid. He had had in mind bodies wetted by 
water; a piece of ebony whatever its shape if once submerged stays sub-
merged. His adversaries refused the condition; they had exhibited a clear 
case where shape determined buoyancy. The parties fought over the admis-
sibility of delle Colombe’s evidence with the tenacity of lawyers in their own 
cause. A showdown scheduled at Salviati’s house fell through when Cosimo 
informed Galileo that, as a court ornament, he was not free to sparkle in 
public arguments with noisy professors. It would be better, the grand duke 
informed his former tutor, to write out your arguments and dispute on 
paper.158 That enabled Galileo to turn a likely loss into a qualifi ed win.

A contest by pen, Galileo wrote Cosimo, would give him a great advan-
tage. The enemy would have to write too, and so either abandon or expose 
their customary cavils, chimeras, distinctions, sophisms, and contradictions. 
They had already abused the spoken word, he claimed, shouting from piaz-
zas, chiesas, gondolas, that he could know nothing of physics because he was 
a geometer. But they did not know their man. They could no more “choke me 
off and exterminate me from profaning [Aristotle’s] sacred laws” than Arios-
to’s savages could discipline Orlando for freeing the succulent maiden they 
had reserved for their orc. And just as Orlando despised them as a bear does 
yapping dogs, and killed thirty of them with ten blows of his telescope—or 
rather sword—so Galileo, with no armor but the shield of veracity and the 
protection of his prince, would dispatch “every madman who irrationally 
assaults the truth.”159

Curious to know what had ignited his mathematician, Cosimo caused the 
then new professor of philosophy at Pisa, Flaminio Papazzoni, to  represent 
the peripatetic position against Galileo in a debate before the grand-ducal 
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family. Such performances often occurred after meals as a substitute for 
television and Galileo was obliged by contract to participate in them when 
requested. He then played his part of high-powered jester, answering ques-
tions put to him and defending himself as wittily as he could. As recreation, 
postprandial disputes did not require a declaration of victory or an admission 
of defeat. In the case before us, Galileo easily won—not because Pappazoni 
was incompetent but because, as he owed his professorship to Galileo’s rec-
ommendation, he had no interest in exerting himself.160 Cosimo so enjoyed 
this version of Androcles and the lion that he restaged it in the presence of 
two visiting cardinals, Barberini and Gonzaga, who joined in the fun by sup-
porting, respectively, Galileo and Papazzoni. By then—October 1611—Gali-
leo had developed enough material to make a little book and a theory general 
enough to attack the peripatetic position on several fronts. Stricken again 
with illness or hypochondria, he retired to Le Selve to write On fl oating bodies 
(1612). It is an exemplary Galilean text. It secures a new neat Archimedean 
result by applying pseudo-Aristotelian mechanics to hydrostatics; clutters 
the application with repetitious geometry; introduces a sharp observation; 
bases upon it a physical principle that literally does not hold water; throws 
out hints at a non-Aristotelian physics; and spices the whole with references 
to the idiocy of his opponents.161

The crisp result concerns a prism of wood fl oating in a rectangular 
vessel. Let the original level of the water in the vessel be I and the level after 
immersion of the prism be II (Figure 5.6). Galileo’s Aristotelian mechanical 
principle is that the moment (weight x velocity) of the wood must equal that 
of the water in any small vertical displacement from equilibrium. Press the 
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fig. 5.6 A prism in free fl oat in a basin 
with rectangular cross-section AB.
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prism down a distance x; the water level simultaneously rises by y where 
x: y = (A − a)(B − b): ab. If the motion takes place in the small time t, then, 
according to the principle,

(weight of prism)(x/t )=(weight of water)(  y/t ).

Let the specifi c gravity of the wood be d relative to that of water taken as 
unity. Then the preceding equation can be written

d(abc)x=(A-a)(B-b)(c-z)y,

where z = PQ is the height of the prism above the fi nal water line II. After 
substituting for x:y, we arrive at z = c(1 − d). Since in the case of wood, d < 1, 
z is positive and the prism fl oats. If d > 1, the body sinks. Period. Except that, 
as delle Colombe showed, a fl at ship of ebony will fl oat although its specifi c 
gravity is greater than 1.

The concise conclusion z = c(1 − d) has several implications besides sink-
ing or swimming. They may be seen more clearly in the unrealistic picture 
Galileo drew of the situation (Figure 5.7), from which the inspiration for the 
mechanical analogy he used leaps to the eye. Galileo portrayed the prism as 
lying against three walls of the basin so that b = B and the problem became 
two-dimensional. He conceived the water prism QO and the wood prism 
PR as two weights in equilibrium; pressing down on PR raises QO, etc., and 
of course leads to the relation PQ = c(1 − d) or cd = c − PQ or, what we want, 
PS × d = QS × 1. The only geometrical quantities in this equation are the heights 
of the wood and the water: the log will fl oat irrespective of its size and the 
amount of water in the vessel provided there is enough to wet the wood and 
to fi ll a prism of height QS and base OS that can be almost as thin as you 
please. This is the celebrated hydrostatic paradox, which was (and is) useful 
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for lifting weights and  astonishing  neophytes. Galileo celebrated the  paradox 
in his usual subdued way as revelatory of “the causes of some admirable and 
almost incredible events, as that a very small quantity of water may raise up 
and sustain with its small weight a solid body that is a hundred or a thousand 
times heavier.”162

The celebrant called attention to another marvel implied by his  analysis: 
Archimedes made a mistake or, at best, claimed as general a  principle of lim-
ited applicability. Only when the size of the fl oating object is negligibly small 
compared with the width of its basin is it true that the volume of the body 
immersed equals that of the water displaced. For in Figure 5.6, the displaced 
volume IIQTI, which must equal the volume TURS of the immersed prism 
below the original water line I, is evidently less than the total immersed 
volume QVRS. But as the width of the vessel increases, as OS ® ¥, QT ® 0, 
I ® II, and the displaced volume equals the volume immersed. At all times, 
however, the weight of water that could be accommodated in the submerged 
part of the solid equals the weight of the entire solid: QS = dPS, aQS = adPS, 
Q.E.D.163 It appears that Galileo persisted in the same error as Archimedes 
until he began his calculation and that discovery of the fault prompted him 
to invent the analogy to the virtual motion of the lever, with which he always 
felt comfortable.164

After these hors d’oeuvres, Galileo faced up to the question why ebony 
chips can fl oat. First answer, a quibble: such chips are not in water but on it; 
if thoroughly wetted, they go to the bottom and stay there. Second, a paralo-
gism: a cone of wood or wax submerges partly whether placed base or apex 
down on the water; hence water offers no resistance whatsoever to being 
parted by any body of any shape. Third, a contradiction: water acts as if it 
had a tough skin not easily penetrable by fl at bodies of densities not much 
greater than its own. This skin explains the behavior of the ebony chips. 
Regarded closely, they lie in a little cradle, surrounded by ridges or banks 
of water that rise above them to the average water level (Figure 5.8). What 
contains and restrains the fl uid in the ridges against its gravity? Galileo offers 
no explanation: it is a fact. Likening the cradle and the chip to a ship and its 
cargo, Galileo argued that the relevant specifi c gravity was that of the combi-
nation chip plus air. Thus we have fl otation, in agreement with Archimedes’ 
principle.165

To these ingenious speculations, Galileo added exercises in geometry to 
bamboozle peripatetics who had skipped mathematics. Close  observation 
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suggested that no ridge could be deeper than the depth a. What thickness x 
of a piece of ebony of base A could such a cradle  support? Or, as Galileo put 
it, what is the ratio of empty to fi lled space in the cradle? Answer, (d − 1):d. 
He went on to investigate how the space and equilibrium changed with the 
shape of the fl oated objects, notably cones, cones on cones, and so on, to the 
admiration of the men of Galilee and the confusion of the pharisees.166 Car-
dinals del Monte and Capponi were enthusiastic; Cardinals Bellarmine, Deti, 
and Gonzaga indifferent; the Paduan and Pisan professors foxed; Welser and 
other loyalists pleased and perplexed until, after suffi cient rereadings, they 
had convinced themselves that Galileo had resolved all the paradoxes he had 
started.167

In fact, Galileo had resolved little but unleashed a lot. Under his fl oating 
bodies he put a medium that extruded objects of lesser density and parted, 
without resistance, for objects of greater density. This was Galileo’s fi rst 
published denial of levity and his hint in print at his new theory of motion. 
He added a hint at an anti-Aristotelian concept of matter. Water is a pile of 
atoms without mutual coherence or attachment, whence its ease of part-
ing. But just as detached persons in a crowd slow the progress of individuals 
pushing through it, so the atoms resist the passage of bodies through water. 
None of this accounted for fl oating ebony chips. To the end of his life Galileo 
puzzled over the “obscure behavior” of fl uids. Yet in the heat of the debates 
of 1611 he affected to understand them well enough to subject them to geom-
etry. His opponents might not have understood the mathematics but they 
got the message, and replied. Galileo was a category error, a mathematician 
who had forgotten his place, a philosopher who did not play by the rules. 
“Mathematical proofs and propositions cannot grasp the true cause of natu-
ral phenomena.” “Those who want to demonstrate natural accidents through 
mathematical methods are delirious.” Not delirious mathematicians, delle 
Colombe added, but sober philosophers, had the job of judging how to use 
mathematics in physics.168
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fig. 5.8 An ebony chip JKOP lying in a water 
cradle of height a; air occupies the space ABKJ.
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Galileo did not condescend to reply to his opponents under his own 
name. Instead he provided the ammunition for a counter attack by Castelli 
published in 1615. By then the battlefi eld had many fortifi ed places. Castelli 
required 18 salvos to answer 25 objections to Galileo’s hints on atoms fi red 
off by a single opponent, Giorgio Coresio.169 Although insignifi cant in their 
detail, these maneuvers taken together had the important consequence of 
increasing and hardening the opposition to Galileo in Florence and Pisa 
already fl ourishing under the gentle heat of jealousy. His highly paid sine-
cure, charged on funds reserved to the University of Pisa from tax collected 
from ecclesiastical holdings, excited envy and resentment among courtiers, 
clerics, and professors.170 And his supercilious refusal to name his opponents 
in his replies (to do them a favor, he said), his sending his squire to rebut 
them, and his cocksure insistence that physics must bow down to mathe-
matics irritated even people inclined to support him. Campanella may speak 
for all of them. Writing from his dungeon in Naples, he upbraided Galileo 
for freighting fl oating bodies with propositions neither known to be true nor 
easily defended, “so that you give your enemies an opening for denying all 
the celestial things you pointed out . . . O Dio what a pity it was to humble the 
immense pride with which you could have gone forth so happily revealing to 
mortals so many great things!”171

Spots on the sun

As a facilitator in the Republic of Letters, Welser liked to put his friends in 
contact with great men. In 1611 he sent Galileo an attempt by Georg Breng-
ger to lower the lunar mountains. It met a polite but fi rm refutation.172 In 
 January 1612 Welser tried again with a more powerful challenger. He called 
himself “Apelles” after the Greek artist who hid behind his paintings to hear 
what viewers said about them. To answer this cautious contender, Galileo 
embarked on an extensive new line of investigation that would change his 
public persona from Assassin of Aristotle to Champion of Copernicus.

An adept mechanician, Apelles made himself a telescope of almost 30x. 
In March 1611 he looked through it and heavy mist to measure the diam-
eter of the sun. He noticed what seemed to be spots on its surface but, not 
wishing to injure his eyes, he put off further examination until he had lei-
sure, stained glass, and a colleague, Johann Baptist Cysat, fi t for the purpose. 
They resumed the observations in October 1611 to discover that the spots 
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moved slowly across the solar disk, changing shape as they went. When 
plotted at daily intervals on a series of circles, they appeared to come into 
existence (or into view), mutate as they moved almost in parallel lines, and 
die (or disappear behind the sun) within two weeks or so. After satisfying 
himself by astute tests that the spots were not artifacts, Apelles proposed to 
explain them in a way that did least damage to the traditional cosmology.173 
For Apelles was a Jesuit, Christoph Scheiner by name, professor of Hebrew 
and mathematics at the Jesuit college in Ingolstadt, a clever man of 35 already 
launched on a distinguished career (Plate 14). He would become the world’s 
expert on sunspots, an observer noted for his improvements in instrumenta-
tion, a useful theorist on light and vision, and an important Jesuit, advisor to 
his general and confessor to a prince. To make a small world of it, Scheiner’s 
confessant was Archduke Karl Josef of Austria, a brother of Cosimo’s arch-
duchess Maria Maddalena and of Galileo’s admirer Archduke Leopold.174

Scheiner’s fi rst contributions took the form of three letters written in 
November and December 1611. Welser published them in January 1612 with 
a nice plate roughly depicting the spots on smallish circles representing the 
sun. The size of these representations (almost all 2.5 cm in diameter), which 
had little space to indicate detail, supported Scheiner’s suggestion, in keeping 
with his obligation to stay close to Aristotle, that the spots were bunches of 
tiny stars circulating around the sun. That would explain their coming to be 
and passing away, their motion in roughly parallel lines, and, because of the 
supposed opaqueness of the little stars, their appearances, which Scheiner 
perceived as uniform darkness against white spaces. He thus assimilated the 
spots to miniature Venuses, on the theory that Venus, if she revolved around 
the sun like the spot starlets, would reveal the fact by showing herself near 
inferior conjunction as a moving mark on the solar disk. In keeping with this 
model, he expected that the sequence of spots would recur as the orbiting 
starlets returned to the confi guration in which he fi rst sighted them. In an 
inspired extension of the model, he guessed that the coming and going of 
the Medici stars and the bumps on Saturn might also be owing to the antics 
of starlets.175 These conjectures did not please Galileo.

He took almost four months to reply to Welser as a client and to Scheiner 
as a patron, that is, patronizingly. “It seems to me that Apelles, being of a 
free and not servile mind and quite capable of sound knowledge . . . cannot 
yet totally free himself from those fancies previously impressed on him,” 
that is, Aristotelian physics.176 Scheiner deserved a better reception from the 
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sidereal messenger, as he had in effect founded sunspot studies; but Galileo 
could not concede even that little. He believed that he had priority. He had 
noticed them fi rst, he told Welser, around November 1610. Perhaps he saw 
them even earlier, for Micanzio recalled many years later that Galileo had 
shown them to Sarpi before he left Padua; which, however, would not have 
given him priority, since Gualterotti had described clearly, in print, a spot 
he had seen without a telescope in 1604; Kepler did the same, mistaking a 
spot he had observed in 1607 via a camera obscura for Mercury; and Harriot 
had detected and followed many solar blemishes with a telescope in 1610, as 
usual, however, without publishing them.177 The fi rst published telescopic 
observations of the sun, the work of a German student using a Dutch gadget, 
appeared in time for the Frankfurt book fair of 1611.178

The earliest secure date for Galileo’s observation of sunspots is the spring 
of 1611, when he showed them to people in Rome around the time that 
Scheiner noticed their existence.179 According to Galileo’s game rules, it did 
not matter when Scheiner fi rst saw the spots or that he established some 
of their properties before Galileo did. That gave him no priority. Why not? 
Because he misinterpreted what he saw.180 The lion’s share of the discovery 
of the spots belonged to their fi rst correct interpreter and, as we know from 
Aesop, lions do not share.

The lion began his response without a roar, circumspectly, he wrote 
Welser, because the notoriety of his previous discoveries had recruited a 
band of implacable opponents. “For the enemies of novelty, who are infi nite 
in number, would attribute every error, even if venial, as a capital crime to 
me, now that it has become customary to prefer to err with the entire world 
than to be the only one to argue correctly.” Still Galileo would hazard some 
conjectures. Everything that Apelles wrote about the spots apart from their 
existence was wrong. They are not dark, only less bright than the sun. There 
is nothing star-like about them. And they might well reside on the solar sur-
face despite Apelles’ argument that they cannot be carried around by a hypo-
thetical rotation of the sun. This last point was capital. Apelles had observed 
that a spot that crossed the sun’s disk without vanishing took around 14 days 
to do so; if the sun did rotate, a hypothesis that Scheiner rejected, and if the 
spin caused the motion of the spots, then the same ones should return to the 
same positions once a month. They do not. Therefore . . . Galileo replied that 
the argument would be compelling if we knew that the spots were perma-
nent features. But we know they are not. Therefore . . . 181
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Poor Scheiner failed even in endorsing the great truth that Venus and Mer-
cury circle the sun. For he supposed that their transits might be visible as big 
spots moving across the solar disk at speeds calculable from the planetary 
models. In fact, Galileo wrote, they would be far too small to distinguish 
themselves and—here is the point—no further proof of Venus’ place was 
needed beyond her display of phases as revealed by the sidereal messen-
ger. Venus travels around the sun as do all the other planets according to 
Pythagoreans and Copernicans. If the spots are not star bunches, then what? 
If there is anything they resemble within our experience, replied Galileo, that 
thing is a cloud, which comes to be, passes away, expands and contracts, and 
moves almost contiguous to the earth’s surface. If we could look at the earth 
from the sun, “and if the earth rotated on its axis,” we would observe in the 
clouds the phenomenon known as sunspots.182

Galileo concluded this fi rst of his three portentous letters on sunspots 
by giving another of his hostages to fortune. Apelles had had the effrontery 
to suggest that the Medici stars resembled sunspots in their sudden appear-
ances and departures, and might therefore be only fl ights of starlets. It fol-
lowed that sometimes Jupiter might well show more than four (or perchance 
no) satellites—Scheiner thought that he had found a fi fth, which he named 
after Welser—and that the other planets probably had companions now 
and again too. Galileo countered that he had shown that each Medici star 
had its own orbit and period. Next, Apelles tried to enroll Saturn among the 
sites undergoing only apparent alteration. Saturn did not look  three-bodied 
to him, but like a soup tureen with lid and handles. Galileo assured Welser 
that either Scheiner’s eyes or his telescope had failed him. Galileo’s own 
occasional inspections showed absolutely no alteration in the appearance 
of Saturn, “and reason itself, based on the experience we have of all the 
other motions of the stars, can render us certain that likewise none will take 
place.” Galileo based this extrapolation on the supposition that any relative 
motion among the three bodies should have been detected over the period 
he had watched them.183 It is a good measure of his self-image. He had come 
to think that the revelations that God had reserved to him for ages could be 
established defi nitively in a year and a half.

It was just this rapid pace that prevented him from writing the big book 
on cosmology that everyone expected of him. Or so Galileo said in the 
 introduction to On fl oating bodies, in which, to show his ongoing  participation 
in astronomical discovery (and to claim his priority), he incongruously 
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Galileo’s son Vincenzo married in 1629 and soon had a son who stayed with 
Galileo while Vincenzo withdrew to avoid the plague then menacing Florence.61 
For once a Galilei married well. Vincenzo’s wife, Sestilia, had been educated 
properly in a convent. Her brother, Geri Bocchineri, a secretary to Ferdinando II, 
an open and generous man, became a good friend to Galileo as well as to Vin-
cenzo. When Vincenzo returned to Florence, he was able to purchase a house 
adjacent to the small one he already owned with fi nancial help from Bocchineri 
and Galileo. This improved accommodation, in the Costa San Giorgio upriver 
from the Pitti palace, lay on the road to the village of Arcetri, where Galileo 
moved in the summer of 1631 at the urging of Vincenzo and Maria Celeste.62 The 
family thus reassembled could eat together provided Galileo brought the food to 
the nuns’ guests’ dining table.63

Galileo confi ded in Maria Celeste some of the hopes he pinned on Rome. 
She energized her sisters to work for their fulfi llment in the only way they 
could. “We shall not fail to pray the Lord . . . to bless you by letting you 
achieve all that you desire, so long as [she knew her father] that be for the 
best.” The nuns hoped for something in return, for alms and the man, for 
a small income and a proper confessor. Their current spiritual guide was 
“more suited to hunting rabbits than guiding souls.” Poverty enticed danger. 
Priests unpaid for their services tended to recoup in kind, by coming unin-
vited to dinner and becoming overfamiliar with the fl ightier nuns. Galileo 
seems to have succeeded in replacing the confessor but not in augmenting 
the alms.64

Galileo’s contributions to the economy of San Matteo—food from his 
garden, wine from his cellar, delicacies as required, wool and linen for 
clothes and bedding, allowances and pocket money on request, larger sums 
when needed (Maria Celeste’s cell, Arcangela’s overdraft for food for the 
convent), an occasional loan to a needy nun—did not cause him to stint on 
himself.65 However, this outlay plus expenses for the rest of his family and 
for the upkeep of Bellosguardo or Arcetri with its two servants probably left 
him with little extra. He did not live extravagantly. He sold the produce of 
his garden and vineyard when the yield exceeded his needs.66 Maria Celeste 
thought him very generous. “We are overwhelmingly committed to you, not 
only as daughters, but as the abandoned orphans we would be, Sire, if not for 
you.” “I . . . confess myself indebted for an almost infi nite multitude of bless-
ings conferred by you.”67 She felt that she could ask him for any small gift or 
service: relics from Rome, cloth for cuffs, music for a defective organ, repair 
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of the convent clock, though that was work “more suited to a carpenter than 
to a philosopher.”68

Dangerous dialogues

Despite the prolonged visits of his family, Galileo was relatively free from 
illness, or unusually quiet about it, during the later 1620s. He complained 
to Maria Celeste about his usual spring ailments in 1627 and 1628, and occa-
sional short indispositions, but they abated enough that he could complete 
his treatise On the tides in good time when he returned vigorously to it in 
September 1629.69 When in good form he made do with fewer than seven 
hours of sleep a day. Exploiting this capacity and earlier texts like the letter to 
Ingoli, Galileo swiftly created three “days” of philosophical comedy to pref-
ace the already written fourth day’s dialogue on the tides.70 Day 1 demolishes 
Aristotelian physics; Day 2, arguments against the diurnal motion; and Day 
3, arguments against the annual motion.

Day 1 of Destruction takes on Aristotle’s distinction between the ungener-
able and incorruptible heavenly bodies, rotating in their sp herical perfec-
tion around the center of the universe, and the sublunar elements and their 
combinations, perpetually exposed to the likelihood of transforming into 
their opposites. Salviati approaches the distinction as Aristotle did in De caelo 
by inquiring why the world has three and only three dimensions. Simplicio 
replies that three is complete, perfect, etc., and that there are exactly three 
natural motions, toward, away from, and around the center. Salviati prefers 
the experimental route. Harking back to a Ptolemaic argument that Galileo 
could have learned from his teacher Buonamici, Salviati declares that, since 
no more than three mutually perpendicular lines can be made to intersect 
at a point, there can be no more than three dimensions. The business has 
nothing to do with three natural motions. Indeed, there is but one such if by 
natural motion we mean one that can go on forever. Motion toward or away 
from the center occurs only briefl y in order to convey out-of-place mate-
rial to its proper distance from the center. Rocks can enjoy perpetuity of 
motion as well as planets; for a rock is indifferent to motion by which it 
neither approaches nor recedes from the earth, that is, a motion that seems 
horizontal locally but in fact is an arc of a circle concentric with the earth. To 



 vainglory 269

prove which Salviati tantalizes his friends with a glimpse of Galileo’s theory 
of descent along inclined planes.71

Simplicio objects that, as his Aristotelian texts taught, the natural motions 
toward, away from, and around the center of the universe are manifest to the 
senses. Poor Simplicio! He has fallen for a petitio principii: it is just the exist-
ence of this center that is in question. Perhaps the universe has none. “If any 
center may be assigned to the universe,” however, says Salviati, more boldly 
than Bellarmine would have liked, “we shall fi nd the sun to be placed there.” 
Then the motions up and down, sursum et deorsum, can refer only to the earth’s 
center and can scarcely ground a universe. It is the same with the moon; out-
of-order lunar rocks fall to the lunar center, and similarly with other planets. 
There is but one natural motion and no quintessence. Simplicio: Negantes 
principia non disputandum est! What? Yes, you cannot argue with imbeciles who 
reject the principles underlying the disputation. There are no such things as 
moon rocks or planetary parts. Those bodies are incorruptible, unbreakable, 
and perfectly spherical, encased in a fi rmament harder than adamant.72 That, 
anyway, is what Galileo made Simplicio believe, although by then most peri-
patetics had replaced the hard spheres, which were the work of Arabic com-
mentators on Aristotle, with the softer heavens of Tycho Brahe.73

The discussion had not advanced. Sagredo thought he knew why. Like 
most philosophers, Simplicio feared freedom. “Who would there be to settle 
our controversies if Aristotle were to be deposed? What other author should 
we follow in the schools, the academies, the universities?” Abhorrence of 
a philosophical vacuum no doubt is an important force in the world. “It is 
wrong [said Aristotle, rightly] to remove the foundations of a science unless 
you can replace them with others more convincing.” Replying 2,000 years 
later, Sagredo likened stubborn peripatetics to fi ne gentlemen who, having 
invested heavily in their palaces, in pictures, mosaics, marbles, murals, refuse 
to admit that the entire structure needed replacement, but try to shore it 
up with jerry-built expedients, chains, props, and wedges. To which Salviati 
added that to introduce a new philosophy, a reformer had to do much more 
than refute one philosopher or another. “It is necessary fi rst to teach the 
reform of the human mind and to render it capable of distinguishing truth 
from falsehood, which only God [and his prophets] can do.”74

Salviati and Sagredo attack in the obvious way. What do you say, Sim-
plicio, about novas, comets, sunspots, moon mountains? Simplicio appeals 
to delle Colombe’s crystal moon and Scheiner’s solar starlets, theories then 
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widely discredited and, in Scheiner’s case, discarded by its inventor. Anyone 
who does not see that the mountains and the spots lie on the surfaces of the 
luminaries suffers from “the rankest ignorance of perspective.”75 Salviati and 
Sagredo endeavor to teach Simplicio the true reason for the secondary light of 
the moon, but it is diffi cult going because he keeps relapsing into incorrupt-
ibility and cannot bring himself to assimilate the moon to the earth.76 They 
all reject the possibility of human life on the moon, a dangerous concept that 
Galileo had always repudiated.77 This unusual concord breaks to allow the 
gratuitous annihilation of Scheiner for referring moonglow to sunlight dif-
fusing through the lunar body and for plagiarism, deceit, and stupidity.78

There were other familiar dragons to slay, too, delle Colombes, Chiara-
montis, and their like, who degraded the human mind by enslaving it to the 
authority of old Greeks who lacked telescopes.79 To be sure, Salviati concedes, 
we cannot know God’s creation extensively, in all its details; but (replying 
to Barberini?) “with regard to those few [things] which the human intellect 
does understand, I believe that its knowledge equals the Divine in objective 
certainty, for here it succeeds in understanding necessity.” Simplicio: “This 
speech strikes me as very bold and daring.” And so it was. Sagredo: Let’s go 
for a ride in a gondola. “Tomorrow I shall expect you both so that we may 
continue the discussions now begun.”80

Day 2. They reassembled to hear Salviati present physical demonstrations of 
the earth’s diurnal rotation and destroy arguments opposing it. He turned 
out to be too persuasive for his own good. As he admitted, he enjoyed show-
ing off and often had to run for cover. “[I] am impartial . . . and masquerade 
as Copernicus only as an actor in these plays of ours.” “Be guided not by 
what I say when we are in the heat of acting out our play, but after I have put 
off the costume, for perhaps then you shall fi nd me different from what you 
saw of me on stage.” “It should be almost as if we had met to tell stories.”81 
Under this armor Salviati and Sagredo blaspheme freely against peripatetics. 
“Oh, the inexpressible baseness of abject minds,” Sagredo sighs; “[nothing] 
more revolting,” echoes Salviati.82 Having thus aroused the goodwill of his 
adversaries, Salviati advances the main arguments pro-spin: it is more eco-
nomical for the earth to revolve than the entire starry fi rmament, especially 
a fi rmament as solid as steel; and also more symmetrical, since if the earth 
revolves and the heavens stand, celestial rotations fall into order, growing 
progressively slower from Mercury to the stars.83
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Simplicio brings up the heavy artillery of common sense. If the earth 
spun, birds and clouds would fall behind. Salviati replies that all objects in or 
near the earth participate in its rotation. A motion common to all is as good 
as nonexistent. Not so, cries Simplicio: has not Aristotle said, and count-
less peripatetics after him, that a weight dropped from the mast of a ship in 
motion would fall astern and even to sea? Not so, rejoins Salviati, claiming to 
have performed many times on this tiresome fl oating laboratory. Had he, or 
rather Galileo, in fact done the experiment in question? Almost. On his way 
to Rome in 1624, Galileo had enjoyed a boat ride with Cesi and Stellutti on a 
lake near Cesi’s villa. The discussion turned to  Aristotle’s claim. Galileo asked 
for something heavy. Stellutti offered his keys. Galileo threw them vertically 
upward. Would they return to the hand that sped them or fall into the lake? 
Salviati amplifi ed this quasi test with the thought experiment about the birds, 
balls, and fi sh that Galileo had set out for Ingoli.84

Meanwhile Sagredo was pondering the consequence that, since the 
common motion has no effect on the behavior of the bodies that share it, the 
weight from the mast must fall to the deck in the same time however great 
the speed of the boat. What would the fall look like to an observer on the 
shore? In a beautiful insight, Sagredo saw that the released weight is to the sta-
tionary observer what a cannon ball fi red point blank is to the artilleryman, 
the horizontal velocity imparted by the gun being analogous to the common 
motion of the boat and all things on it. From the analogy it followed that 
cannon balls shot horizontally over level ground hit the ground at the same 
time irrespective of their range. “[That] seems a marvelous thing.” Salviati: 
“This refl ection is very beautiful by reason of its novelty . . . I have no doubt 
about its correctness.”85 There is no need for experiment in a well-constructed 
natural philosophy.

Unwilling to be outdone, Salviati disclosed two beautiful refl ections that 
temporarily silenced Sagredo: “I cannot fi nd words to express the admira-
tion they cause in me.” The fi rst considers the trajectory in space of a rock 
dropped from a tower on the supposition that it can attain the earth’s center. 
Assume that it gets there along a semicircle that keeps it always in touch with 
the tower AD (Figure 7.1) until it hits the ground at F. In a time t the earth 
turns through an angle a = wt and the stone falls a distance BX. Since ÐAYX 
» 2a, the rock’s speed along the tangent at X, vX, is to its speed before release 
at A, vA, as 2wt · YX is to wt · AO. But XY = AY = AO/2. So vX: vA = 1. In falling, 
the rock moves from one circle to another without changing speed and, if 
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allowed to do so, would reach the earth’s center in six hours independent of 
the height of the tower. Hence, as Salviati argued in Day 1, separated rocks 
return to the earth along circular paths, conserving their tangential velocity 
and allowing Galileo, as was his custom, to avoid bringing causes or forces 
into play.

This fi rst refl ection is the bizzarria or oddity mentioned earlier as a playful 
marvel in Galileo’s philosophical comedy. If taken seriously, it results in a 
velocity of free fall proportional to the time elapsed, as in Galileo’s rule, but 
far off quantitatively.86 Salviati professed a great interest in obtaining a value 
of the constant of acceleration in free fall, a “problem,” he said, previously 
unknown to “any philosopher or mathematician whatsoever.” To solve it, 
Salviati gave another glimpse at Galileo’s theory of motion—the spaces tra-
versed in equal intervals of time are as the odd numbers beginning with one. 
Sagredo: “This is a remarkable thing . . . Is there a mathematical proof ?” Salvi-
ati: “Most purely mathematical,” one of many such in the science “our friend” 
has founded in place of a thousand worthless volumes. “Not a single one of 
the infi nite admirable c onclusions within this science had been observed and 
understood by anyone before [him].” After many experiments, Galileo had 
decided that a falling body covers 100 yards in fi ve seconds.87

The second refl ection, another extraordinary piece of kinematics, is even 
less plausible than the fi rst. Ptolemy had argued that objects not fastened to 
the earth would be thrown off if the globe spun. Galileo countered that irre-
spective of the speed of rotation, no such extrusion can occur. The  argument 
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invokes a theorem of Euclid’s: the tangent (HG in Figure 7.2) is a mean pro-
portional between the secant FG and its external part GE, that is, GE:HG = 
HG:FG. Suppose that in a unit of time the rock would reach G if it did not 
fall towards E; and let the entire fall occur from G as if the tangential veloc-
ity v vanished there. Suppose further that t and therefore the angle a are 
very small; FG then approaches the constant value 2a and HG2 » 2aGE. Thus, 
since GE goes to zero much faster than HG no matter how large v is, for suf-
fi ciently short times GE can always be small enough that the rock can regain 
the earth or, better, never leave it. “Take note, Simplicio, just how far one may 
go without geometry and philosophize well about gravity.” Or, rather, just 
how absurd a conclusion the theoretical physicist (  fi losofo geometra) can reach 
by subliming to mathematics. Salviati tacitly takes HG, which measures the 
velocity of extrusion in time t, as related to GE, the distance fallen toward 
earth in the same time. But GE is determined by g, the acceleration under 
gravity, HG by the velocity of rotation, two entirely independent quantities. 
The velocity v can be as large as required but g cannot be changed. The usu-
ally shrewd Sagredo allowed himself to be hoodwinked. “The argument is 
truly very subtle, but nonetheless convincing, and it must be admitted that 
trying to deal with physical problems without geometry is attempting the 
impossible.”88

Galileo’s striking error here combines three typical misconceptions. First, 
he could not think himself away from the earth anymore than Simplicio could 
imagine himself on a planet. Consequently, just as he conceived the “horizon-
tal” on which a ball rests or moves indifferently to be a spherical shell con-
centric with the earth, so he tied the velocity of extrusion functionally to the 
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earth’s gravity. Second, he swindled himself again by confusing space and 
time, as appears from Figure 7.3, where HI, IJ, JK represent equal intervals of 
time and IL, JM, KN the velocities gained under gravity. He then interpreted the 
diagram as it appears to be, a drawing of spatial relationships, taking IX, JY… 
as the equivalent of the subtangent GE in Figure 7.2 and HI, HJ . . . as the associ-
ated tangent HG. Since the subtangent goes to zero faster than the tangent, no 
extrusion can occur.89 Third, he overreached. He needed only to demonstrate, 
against Ptolemy and Tycho, that extrusion can be prevented by gravity, not 
that, irrespective of the magnitude of the spin, it can never occur at all. The 
idiosyncrasy of Galileo’s black-and-white approach appears when comparing 
his treatment of extrusion with Sarpi’s. Fra Paolo understood that two inde-
pendent quantities were at play, the velocity of spin and the acceleration under 
gravity, and that extrusion does not occur for us because on earth the latter 
overcomes the former. If, however, the velocity of rotation increased indefi -
nitely while the gravity remained the same, eventually we would be thrown off 
our earth like so much mud from a wagon wheel.90

When not talking philosophy or praising one another, Salviati and Sagredo 
treat Simplicio as the dolt in a Socratic dialogue, drawing from him the dem-
onstrations they put in him, patronizing him when he succeeds (“[you] have 
shown yourself half a geometer”) and insulting him when he fails (“if you 
had paid attention . . . you would not have thought up such a silly idea”).91 The 
poor man is hopelessly ill-equipped. “If Aristotle is to be abandoned . . . Sup-
pose you name some other author?” An excellent  question: without texts 

H I J K
G

N

M

L
Y

X

fig. 7.3 A confusion of space and time: the horizontal segments represent time 
or velocity, the vertical ones space or acceleration.
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where does the investigator begin? Salviati has no answer. Instead he offers 
a false dichotomy. “It is impossible that one of two contradictory propo-
sitions should not be true and the other false.” Simplicio—he is simple— 
acquiesces.92 Now, when Salviati proves that Ptolemy and Aristotle are 
wrong, and opposed to heliocentrism, it will follow that Copernicus must 
be right.

The second day concludes repetitiously by responding to three anti-
Copernicans whose arguments Simplicio reads out one by one. These old 
sinners are Chiaramonti, Scheiner, and Scheiner’s student Johann Georg 
Locher. Scheiner and Locher had remarked that if stones falling onto the 
earth from the sphere of the moon also participate in the earth’s hypotheti-
cal spin they must execute spirals of varying complexity depending on their 
angular distance from the equator. The same thing must be true of birds. In 
order to stay suspended over their nests or to swoop down on their prey, 
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fig. 7.4 The Scheiner–Locher argument against the diurnal motion. All points 
above the earth’s center C rotate around the axis nl in 24 hours. A ball let fall 
from the pole n would reach the earth along a straight line; from A, on a spiral 
in the plane of the equator; from Y, along a spiral on the surface of a cone. After 
Koyré, APS, Trans., 45:4 (1955), 332, a simplifi cation of the diagram in Scheiner–
Locher, Disquisitiones mathematicae (1614), 30.
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they must perform acrobatics of staggering intricacy. An imposing drawing, 
on which Sagredo and Salviati exercise their sarcasm, depicts everyday space 
traffi c—birds, balls, and a snail (bird food?) going down, rockets, fi reworks, 
cannon shots going up (Figure 7.4), all improbably managing apparently 
vertical motion by intricate unseen dances. How do they do it? Is the prin-
ciple intrinsic or extrinsic, natural or violent, compound or simple, angelic 
or aerial, accidental or substantial? In every case neither prong of the dichot-
omy will do if the earth turns.93

Here is another conundrum, aimed at Copernicus’ teaching that sepa-
rated parts of the earth return not to the center of the universe but to the 
great body of rocky matter. Would a stone at the center of a spherical cavity 
concentric with the earth rise to the shell or stay put? Salviati: the cavity 
would collapse. Again, according to Scheiner and Locher, the earth is far too 
small for the tasks that Copernicus imposed on it. For in a year it would roll 
out only 365 times its circumference. But the suppositious annual circuit is 
1,200 times the earth’s circumference. Copernicus requires almost four years 
where one is seen to do. Simplicio likes the argument. What do you think of 
that? Not much, says Sagredo, and threatens to go off in a gondola.94

It is Chiaramonti’s turn. He holds that Copernican theory would ruin phi-
losophy. All philosophers agree that knowledge begins with sense impres-
sions. Copernicans deny the testimony of their senses. If we follow them, “we 
must necessarily suspect our own senses as wholly fallible or stupid . . . Then 
what truth can we hope for?” None, to be sure. Unfortunately for him, Chi-
aramonti descends from this secure position to disallow compound motion. 
Wherefore? Because nature gives joints to bodies that have to perform more 
than one motion simultaneously and the earth has no joints. Simplicio, who 
has been reading out this nonsense, thinks it ingenious. Salviati: “Are you seri-
ous?” Simplicio: “I am giving you the very best that is in me.” After disposing 
of a jointed earth, Salviati points out so many trivial errors of Chiaramonti 
about the Copernican system that even Simplicio blushes for his author.95 
Jointless or not, Salviati protests, everybody picks on the earth. It may be 
dark, but so are the planets. Earth is no more the sink of corruption than the 
moon or Jupiter. And if it were the muck pile of the universe, why should it be 
placed at the center? Sagredo: that would be like placing the lazarhouse in the 
middle of the city. Salviati: “Sagredo, you are too caustic and sarcastic.”96

Sagredo calls it quits for the day. There would be no gondola ride. Sim-
plicio had to study Scheiner’s arguments against the annual motion, Salviati 
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that he could not and should not reprove philosophical opinions that he had 
sustained with true and invincible mathematical reasons, and that he is the 
greatest man in the world and will live forever in his writings, and that he is 
followed by all the best modern minds.”38 All of which was brave and true. 
The fi ne story that when rising from his knees before the inquisition Galileo 
muttered, “still it moves,” is associated with the Piccolomini. A portrait, rep-
resenting the scene of Galileo’s recantation, perhaps by Murillo and perhaps 
commissioned by General Ottavio, displays the slogan, eppur si muove.39

Despite the silk hangings and rich furnishings of his apartment, Galileo 
longed to return to Florence and, as he fancied, the grand duke’s service. 
He urged Cioli to ask Ferdinando II to ask the pope for his release, “and, to 
give the petition more force, he might adduce the loss of my services over so 
long a time, exaggerating their value somewhat over their true worth.” The 
ambassador, the knowledgeable Niccolini, judged that Urban was still too 
angry to approach.40 Galileo had therefore to continue to operate in Flor-
ence at a distance, primarily through Maria Celeste, who with the help of 
Guiducci and Bocchineri had attended to Galileo’s business during his con-
fi nement in Rome. It took some effort to run Arcetri with its servants, dove-
cote, orange trees, vegetable garden, grape vines, and “most original mule.”41 
Maria Celeste managed well, let the house, sold the surplus crops, and made 
a profi t that she shared with her sister. She managed even to sell a year’s 
supply of spoiling wine. Meanwhile Galileo was enjoying premium wine 
at the archbishop’s table. Maria Celeste: “I pray that you continue [in good 
health] by governing yourself well particularly with regard to the drinking 
that is so hurtful to you, for I fear that . . . your social obligations to your host 
afford you ample opportunity for indulging.”42 But in Christian charity she 
responded to Galileo’s worry that Arcetri would be dry on his arrival. The 
good angel ordered in a goodly supply, three mule loads at one go; and, in 
her last recorded service to her father, could announce, on 10 December, that 
“the casks for the white wine are all in order.”43

Maria Celeste did not neglect the spiritual comfort of her psychologically 
labile father. After learning his sentence she wrote, “Now is the time to avail 
yourself more than ever of the prudence [!] which the Lord God has granted 
you, bearing these blows with that strength of spirit which your religion, 
your profession, and your age require. And since you, by virtue of your vast 
experience, can lay claim to full cognizance of the fallacy and instability of 
everything in this miserable world, you must not make too much of these 
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storms.” Galileo smiled and made the best of things, to his daughter anyway, 
by allowing, no doubt with some reservations, that his travail had ended 
“to the satisfaction of both [himself] and [his] adversaries.”44 Maria Celeste 
proposed to free her father by mobilizing women—good Mrs Niccolini and 
Mrs Barberini, the mother of the cardinal nephew, and all the nuns of San 
Matteo, who would pray to God to enlighten his Vicar. The method did not 
procure Galileo’s release but may have been responsible for his unusual run 
of good health.45 More practically, the innocent nun allowed Bocchineri and 
the professor of mathematics at Pisa, Niccolò Aggiunti, to remove all the 
manuscripts from Galileo’s house in which the Inquisition might fi nd any-
thing compromising.46

Despite her incarceration, Maria Celeste kept Galileo’s family together. 
She persuaded him to help enlarge her brother Vincenzo’s house in Costa 
San Giorgio between Florence and Arcetri, which would be a refuge for him 
when ill; she succored the ingrate Vincenzo Landucci, left in a pitiable state 
with two children when the plague took his wife; and she urged Galileo to 
other good works, like helping the relatives of his mother.47 Perhaps Galileo 
took the many services his daughter rendered too much for granted. In reply 
to his complaint that she had neglected her weekly letter, she fl ared out: “If 
only you were able to fathom my soul and its longing the way you penetrate 
the Heavens, Sire, I feel certain you would not complain of me.” Galileo 
loved Maria Celeste as much as he could anyone. He was devastated when, 
three months after he returned to Arcetri, her longing soul fl ed the prison to 
which he had consigned it.48

Maria Celeste’s death coincided with a hardening of the conditions of 
Galileo’s detention. He described them to Diodati:49

I am restricted to this little villa a mile from Florence with the strict-
est prohibition against going there and against having meetings with 
many friends together . . . So I live quietly frequently visiting a nearby 
convent where I had two daughters whom I much loved, especially 
the elder, a woman of fi ne mind and singular goodness and most 
affectionate to me . . . Returning home [the day before she died] 
I found a deputy of the Inquisitor come to tell me of an order from 
the Holy Offi ce in Rome . . . that I must stop asking for permission to 
return to Florence or they will make me return to a real prison of the 
Inquisition. From this and other incidents . . . you see that the rage of 
my most powerful persecutors is continually aggravated.
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He could do nothing but fulfi ll at last the purpose for which his friends 
thought him uniquely suited. “God willing, I want to publish my books on 
motion and other works, all entirely new . . . ”50

8 .2  w inding up

When on his knees before the Inquisition, Galileo had sworn not to say or 
write anything about a moving earth or stationary sun, “et contra,” lest he 
fall again under suspicion of heresy. Presumably “et contra” meant that he 
could not write against Copernicanism either, a measure directed, perhaps, 
against his proposal to add two more days to the Dialogue to refute the argu-
ments of the previous four. He was not required to remain silent about other 
matters, however, and he began to plan his long- delayed work on mechan-
ics while still enjoying Piccolomini’s hospitality in Siena. He continued with 
this work, encouraged by friends and notwithstanding the loss of some 
of his manuscripts during their precautionary removal from his house by 
Bocchineri and Aggiunti. He planned to publish the resulting dialogues with 
appropriate license in Venice through the good offi ces of his old friend Ful-
genzio Micanzio.51 The plan snagged on Micanzio’s discovery of a miserable 
example of Roman malignity. He asked the Inquisitor of Venice for a license 
to republish Galileo’s Dialogue on fl oating bodies. The inquisitor refused. He 
had received an order from Rome. Micanzio replied that the order had to do 
with the Copernican system. “No,” he replied, “it is a general prohibition de 
editis omnibus et edendis,” against everything Galileo had published and wanted 
to publish. Micanzio was outraged at this effort to deprive posterity of “the 
greatest progress in philosophy that had been made in two thousand years.” 
It would be a “crime against humanity.”52

Micanzio could estimate what posterity would lose since he had received 
drafts of Galileo’s new work before visiting the inquisitor. Micanzio expressed 
his admiration in the style of a character in a Galilean dialogue. “It is inex-
plicable how in everyday trivial things known to everyone you observe 
the effects of nature and rise to the deepest thoughts . . . The novelty of the 
things, the reasoning and demonstrations put me into a new world . . . ” “I 
cannot admire enough how the book of nature is so fully open to your mind 
that you fi nd the most profound and undetected marvels in everything.” 
“Our good old master Fra Paolo [was right in saying] that God and nature 
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had made your intellect unique in all time for understanding motion, and 
that what did not occur to you [about it] was beyond the reach of human 
thought.”53 As Micanzio fretted how to print the great work in Italy, Dio-
dati was busy beyond the Alps sponsoring a Latin edition of the Dialogue. 
He chose a Lutheran professor of history as translator. This was Kepler’s 
great friend Matthias Bernegger, who had rendered Galileo’s booklet on the 
compass into Latin. The demanding new task allowed him simultaneously 
to enlighten posterity and embarrass Rome. “You see [Bernegger wrote a 
fellow Lutheran and Keplerian] to what stupidity those purple-coated priests 
have come. Let’s not allow them to deprive the public of such a book.” The 
Elsevier Press in Strasbourg delivered Bernegger’s version of the Dialogue, 
entitled Systema cosmicum, in 1635. The volume also contained Foscarini’s con-
demned hermeneutics, and, almost, Galileo’s then still unpublished letter to 
Christina, which had to be issued separately because Diodati’s Latin transla-
tion missed the printing deadline.54

The published Letter to Christina carried a preface defending Galileo assem-
bled by Diodati from excerpts from Galileo’s letters. It blamed everything on 
rabid, relentless, and, except for the Jesuits, anonymous enemies. What had 
hurt Galileo most, so he had written Fabri de Peiresc and Diodati, and so Dio-
dati wrote in his preface, was the slander that he was not a good Catholic. “Many 
might have been able to behave and speak in a much more learned manner, 
but no one, not even among the Holy Fathers, would have been able to do so 
with more piety or with a greater zeal for the Holy Church, or ultimately with 
a holier intention than mine . . . In reading all my works, no one will fi nd even 
the smallest shadow of anything straying from piety and reverence toward the 
Holy Church.” Perhaps a strict interpreter might spy a lapse of piety or zeal in 
Galileo’s collaboration in the publication of the Letter to Christina, since he sup-
plied the manuscript and also commented on Diodati’s draft preface. He may 
have felt the risk of further dealings with the Holy Offi ce worth running not 
only because publication of the preface and the Letter would put his case before 
the Republic of Letters, but also because he believed that his essay in theology 
might convince Rome to relax the conditions of his detention.55

The obvious publisher for Galileo’s “Dialogues on motion,” as he referred 
in correspondence to the “fruits of my studies I value the most,” was Else-
vier.56 The route was circuitous. Galileo had sent copies of the manuscript, 
completed in 1636, to several sets of friends. One came into the hands of Gio-
vanni Pieroni, who served the Holy Roman Emperor and saw no problem in 
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publishing in Prague. Jesuit infl uence ruled out Vienna and, as Pieroni discov-
ered, Prague too. He therefore proposed to acquire a press to print Galileo’s 
work, “which is equally beautiful and novel, as marvelous as it is certain.” 
The Cardinal Bishop of Olmütz had a press, and seemed willing to print; the 
fi gures were almost fi nished; but, in the end, Pieroni could not overcome the 
obstacles and had to return the manuscript. “What an unhappy place we live 
in, where there reigns a determined resolution to exterminate all novelties, 
especially in science, as if we already knew everything knowable!”57 Thus 
Galileo, growing impatient and fearful that in the end his enemies would 
succeed in silencing him.

The obvious solution then appeared in the form of Louis Elsevier, who 
obtained a copy of the manuscript through Mincanzio during an extended 
visit to Venice. Another copy went north directly in the baggage of the 
French ambassador to Rome, the Comte de Noailles, who had been Gali-
leo’s student in Padua in 1603. Having fi nished his embassy in Rome, Noailles 
obtained from Urban, who could not refuse a high French diplomat a rea-
sonable request, permission for Galileo to meet him along his route back to 
France in 1636.58 The manuscript he then obtained also reached the Elsevi-
ers, who issued Galileo’s favorite work from their Leyden press in 1638 as 
Discourses on two new sciences. The title diminished Galileo’s satisfaction in the 
book. He thought it plebian, vulgar, and unimaginative in comparison with 
“Dialogues on motion.”59

Galileo dedicated Two new sciences to Noailles with an open appeal for 
protection. “If I may be permitted to say so, you are now obliged to defend 
my reputation against anyone who attacks it, you having entered me in the 
lists against all adversaries.” Orlando had found his Charlemagne, and a 
more promising fi eld for the celebration of his deeds, in the vast open tracts 
beyond the Alps. The narrow arena defi ned by  Florence and Rome, in which 
he had tried universal truths against parochial interests, now appeared in its 
true measure. Failure among the priests and prelates of Italy might be a rec-
ommendation elsewhere. Regarded from Paris, Noailles wrote, “you are the 
greatest mind in Italy.”60 Galileo thought so too. In the preface to Two new sci-
ences, written by him but signed by the printer, we read that “wise antiquity” 
honored its great inventors and light-bringers, “even to the point of making 
them gods.” Galileo is such a light-bringer, the greatest in our time; in the 
present work, dear reader, you will fi nd abundant evidence of “the grace con-
ceded to this man by God and nature.”61
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Days 1 and 2

The Two new sciences develop in conversation among Salviati, Sagredo, and 
Simplicio, who have moved from Sagredo’s airy palace and world systems 
to the Venetian Arsenal and down-to-earth machinery. The discussion 
opens with a complaint by Sagredo: despite his best efforts, he has not been 
able to make workmen understand that if a wooden beam of given length 
and cross-section can support a weight w, a similar beam with dimensions 
increased ten-fold should be able to support a weight 10w. The workman 
was right, Salviati replies, and claims to be able to show geometrically the 
relative weakness of bigger structures scaled up from smaller ones. Consider 
only that a child can sustain a drop that would break the bones of an adult; 
that a cat can fall further than the child without injury; that a cricket might 
survive a plunge from a tower and an ant one from the moon. A giant sixty 
feet tall could scarcely stand if his bones were only ten times thicker than 
those of ordinary men.62

What then causes resistance to breakage? In a wooden beam the case is 
clear: fi bers, as in a rope. What about stone or metal? Salviati remarks that 
two fl at, highly polished pieces of marble will adhere when their smooth 
surfaces are pressed together, and asks whether nature’s reluctance to admit 
a void (the cause offered for the adherence of the marbles) can explain the 
coherence of bodies? To settle the question, Salviati adduces Galileo’s dem-
onstration that water has no force of aggregation among its parts. If it were 
only possible to make a rope of water and hang a weight from it! Nothing 
easier, says Sagredo, the experiment takes place every day: suction pumps 
can raise water only thirty feet or so before the water column breaks under 
its own weight. Since by hypothesis water contains no glue, a column of 
it thirty feet high, independent of cross-section, must measure nature’s 
abhorrence of a vacuum. Now a stone pillar heavier than a thirty-foot water 
column of the same cross-section can sustain itself. It appears that some-
thing other than fear of the vacuum holds the world together.63

Sagredo suggests and Salviati agrees that the conclusion is precipitous. Per-
haps the force at play is not resistance to a measurable void, like that supposedly 
created in the instant of separation of polished marble slabs, but resistance to 
exposing the infi nity of infi nitesimal voids that might exist between the infi nity 
of infi nitesimal particles that might constitute the surface of the stones. Sim-
plicio interjects that the idea smacks of the teaching of atomists. Sagredo: “At 
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least you did not add, ‘who denied Divine Providence,’ as in a similar instance a 
certain antagonist of our Academician very inappropriately did add.” Even Sim-
plicio has no time for this antagonist (Sarsi). “Indeed I perceived, not without 
disgust, the hatred in that malicious opponent . . . I know how far such ideas are 
from the temperate and orderly mind of such a man as you [Salviati], who are 
not only religious and pious, but Catholic and devout.” With this thin protection, 
the friends go for a random walk through the vacuum, through “many intricate 
labyrinths,” where the paradoxes of the infi nite and the infi nitesimal greet them 
at every turn. From all of which it followed that the rim of a disk is made up of 
an infi nite number of matter bits and infi nitely divided nothingness.64

This bizarre picture resulted from an analysis of a famous problem in 
Aristotle’s Mechanica. A rolling wheel advances along the ground a dis-
tance equal to its circumference during each rotation. Its hub during the 
same rotation lays down a smaller circumference along a line parallel to 
the ground (Figure 8.1). Yet they return to the same confi guration. Thus the 
successive points C appear to skip forward (the successive points A being at 
rest). Or, if the rotation occurs so that C is instantaneously at rest (CA being 
free to move in a ditch), the successive points A would appear to skip back-
ward. The skipping arises when material points come opposite infi nitesimal 
voids. It was this argument that had unleashed Micanzio’s excitement over 
Two new sciences since it revealed the mechanism of contraction and dila-
tion (without removal or addition of material) that he, Sarpi, and Galileo 
had puzzled over in the old Paduan days.65 Sarpi’s position as preserved in 
his notebooks does indicate puzzlement. “Rarefaction and condensation 
will be a sort of confi guration of the plenum and vacuum, condensation by 
expelling the alieno, rarefaction by admitting it.” Fra Paolo had not identi-
fi ed the “alien” in question.66 Galileo kept at the puzzle until one morning 
at breakfast at the real Salviati’s he saw how nature could condense and 
expand bodies without requiring void space or bodily interpenetration. The 
theory as sketched in the Dialogue exploits the infi nity of infi nitesimal voids 
scattered among the infi nity of matter points that together formed bodies. 
A moving together of the points produced condensation, the opposite 
motion expansion. In keeping with his kinematical approach, neither here 
nor in his account of the strength of materials did Galileo specify forces that 
could push mass points in and out of their microvoids. Simplicio noticed 
that there was too much geometry and too little physics in Salviati’s phi-
losophy, but had no idea how to repair it.67
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Salviati turned to exploding Aristotle’s theory of the void with the 
arguments Galileo had developed by 1610: velocity of fall independent of 
weight, Archimedean buoyancy, descent along inclined planes, and pendu-
lum swings strictly isochronous irrespective of amplitude. From pendular 
vibrations Salviati sublimed to music, to Vincenzo Galilei’s experiments on 
monochords, once more avoiding dynamics in favor of arithmetic. Since a 
string’s pitch depends on its thickness and tension as well as on its length, 
none of these physical qualities can be “the direct and immediate reason 
behind the forms of musical intervals”; the reason must be sought, rather, 
in “the ratio of the numbers of vibrations and impacts of airwaves that go 
to strike our eardrum.” Sagredo explains why the “direct and immediate” 
cause, 5:3, gives us such pleasure before  noticing that the day has gone in 
digressions.68 Still, it had been worthwhile to hear Salviati’s “delicate and 
wonderful,” “subtle . . . novel . . . remarkable . . . ingenious,” speculations. Sal-
viati promised to return on the morrow, “to serve and please you.”69

When the friends meet again they are all business. Salviati has cast his ideas 
about the strength of materials into propositions and corollaries couched 
in geometry. His basic idea is that the equilibrium of a horizontal wooden 
beam may be likened to the operation of a bent lever. Neglect at fi rst the 
weight of the beam and ascribe its resistance to a large number of “threads” 
parallel to its axis each under tension T. We can suppose (incorrectly as it 
happens) that these fi bers all act at the center of the base AC (Figure 8.2), 
so that the total power of resistance R to the pull of W is proportional to 
a2T. To keep the beam from breaking, the clamped portion must pull to the 
left on the lever arm CA with the moment Ra/2. The law of the lever then 
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fig. 8.1 Aristotle’s wheel, which presents several puzzles of the infi nite.
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gives Proposition 1, R:W = 2b:a. Propositions 2–4 bring nothing new except 
a catchy corollary: “the moments of resistances of prisms and cylinders of 
equal length are as the three-halves power of their volumes.”70

Then come a few propositions bearing on the original problem of scal-
ing. Salviati compares two geometrically similar beams made of the same 
material each bearing only its own weight. Let the dimensions be a,b and c,d, 
where a:b = c:d, and let the larger weigh k times the smaller. Then c = k1/3a, d = 
k1/3b. The area of the base and hence its resistance R increase as k2/3. Therefore 
the weight, which increases by k, goes up as R3/2, or, as Salviati puts it, with 
moment M for weight, M1:M2 = (R1:R2)3/2.71 Simplicio: “This proposition strikes 
me as not only new but surprising, and at fi rst glance very remote from the 
judgment I had originally formed.” For it showed that the resistance of a beam 
to fracture does not increase linearly with its weight, but at a higher power. 
Sagredo: “This demonstrates the proposition which, as I said at the beginning 
of our discussion [after Salviati corrected me], seemed then to reveal itself to 
me through shadows.”72

Salviati shows that for a given ratio a:b there is only one prism at the edge 
of breaking under its own weight; a longer one would fail, a shorter one could 
carry an additional load. Two nice departures from this line of reasoning mark 
the end of the day. Sagredo observes that material might probably be removed 
from a prismatic beam without lessening its  resistance or shortening its length. 
“Without lessening resistance” si gnifi es that the carved beam is no more likely 
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fig. 8.2 Galileo’s beam, which assimilates the strength of materials to the law 
of the lever.



galileo336

to break transversely at one point than at another. Assume that the beam 
weighs nothing and that the shape required is the unknown curve in Figure 8.3. 
The moment bW balances the moment of resistance at FA, which is propor-
tional to a3. Can it also be made to balance the resistance proportional to c2a 
exercised by the base CD? (The dimension of both bases perpendicular to the 
plane FABG is a.) That would require a2/b = c2/d. A curve satisfying this property 
for all points D along it is a parabola. Salviati shows off by demonstrating that 
its volume is only two-thirds that of the prism ABGF. “A beautiful and ingen-
ious demonstration” (Sagredo), and quite a saving in weightless wood!73

The second refreshing departure explains the cleverness of birds and 
plants in employing hollow cylinders to strengthen their bones and stalks 
with little expenditure in mass. A hollow tube made of the same amount of 
material as a solid one can be considerably stronger. Let them have the same 
length and external diameters a and b. Then since the base of the tube and of 
the rod anchor the same number of fi bers (they contain equal matter) their 
moments of resistance are as their lever arms, that is, as a:b.74 (In Salviati’s 
approximations, the average lever arm of the base of the tube is b/2.) With 
this contribution to bird economy the second day ends, without as much as a 
Nunc dimittis, perhaps because Galileo had intended to continue it before the 
Elseviers concluded the discussion by publishing it.

Day 3

Without a word of greeting, Salviati begins the third day’s conversation by read-
ing aloud in Latin from Galileo’s perfected treatise on motion. It is a very fi ne 
book, fi lled with clever theorems, a basic text for students of mechanics, but 
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ALEXANDER, Galileo’s alter ego in his dialogue “De motu” (c.1590).

ANGELICA, daughter of the Emperor of Cathay in OF whose jilting of Orlando 
caused his madness.

ARGANTE, Circassian warrior in Egyptian cause in GL, scourge of Godfrey’s 
Christians, killed in a dual by Tancredi.

ARMIDA, Syrian sorceress in GL, energetic seductress of crusaders, notably 
Rinaldo, whose eventual return to Charlemagne’s service caused her to con-
vert to Christianity.

ASTOLFO, son of King of England in OF, cousin of Orlando, another crusader 
ensnared by Alcina.

BR ADAMANTE, Christian warrior maiden in OF, destined to marry Ruggiero 
and found the Este line.

CHARLEMAGNE (747–814), Emperor of the West, whose expedition against 
the Moors in Spain in 778 gave rise to the heroic literature played with in OF.

CHARON, the boatman who ferries dead souls across the river Styx in Dante’s 
Inferno.

CLORINDA, Muslim warrior maiden in GL, who beguiled Tancredi, wreaked 
havoc among the crusaders, and was killed unwittingly by Tancredi.

DOMINICUS, Alexander’s fellow student and foil in Galileo’s dialogue “De 
motu” (c.1590).

DON QUIJOTE DE LA MANCHA, like Galileo an addicted reader of Orlando 
furioso.

DOR ALICE, daughter of King of Granada in OF, jilted Rodomonte for 
Mandricardo.

ERMINIA, pagan princess in GL, tended Tancredi’s wounds to mutual benefi t.

GABRINA, a perfect witch in OF, punished by Mandricardo, hanged by Odoric 
of Biscay, identifi ed by Galileo with his mother Giulia.

GODFREY OF BOUILLON, commander-in-chief of the Christian armies besieg-
ing Jerusalem in GL.

MANDRICARDO, King of the Tartars in OF, constantly pursuing duels 
with Orlando and Rodomonte when not making love to Doralice, killed by 
Ruggiero.

MERLIN, wizard of King Arthur’s court, an occasional character in OF.

ORLANDO, nephew and chief warrior of Charlemagne in OF, driven mad by 
Angelica, restored to his trade of Christian champion by Astolfo.

RINALDO, Christian champion in GL, like Ruggiero in OF an ancestor of the 
Este, detained in Armida’s love nest until recalled to his duty to slaughter 
Saracens.
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RODOMONTE, African King in OF, greatest of Agramante’s champions, 
almost destroyed Paris single-handed, killed by Ruggiero.

RUGGIERO, Saracen champion in OF, converted to Christianity for love of 
Bradmante after adventures with Alcina and others.

SIMPLICIO, the gentle, innumerate, Aristotelian philosopher harried by Sal-
viati and Sagredo in Galileo’s masterworks.

TANCREDI, Norman prince in fact, and in GL besotted with Clorinda, almost 
killed by Argante, and nursed back to health by Erminia.

TIPHYS, navigator of the Argo on its voyage to pilfer the golden fl eece.

TURPIN or Tilpinus (died c.794), French ecclesiastic, pseudepigraphic author 
of a version of the story of Roland written in the twelfth century by another 
French cleric.

VIRGIL, Publius Virgilius Maro (70-19 BCE), in life the author of the adventures 
of Aeneas and other enduring classics, in fi ction Dante’s guide through the 
underworld.

“Retombera-t-il?” (Will it fall back?), Varignon, Conjectures (1690).
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NOTES

References to Galileo, Opere (see below) are given in the form “Op. x:y,” 
or, if following a letter or document, “(x:y),” in both cases x being the 
volume and y the page(s). When no ambiguity results, the century dates 
are omitted, that is, 12 August 1616 appears as 12 Aug. 16. In addition, the 
following abbreviations are used:
Assayer Galileo Galilei, The assayer [Il saggiatore, 1623]. In Stillman 

Drake and C.D. O’Malley (eds.), The controversy on the comets 
of 1618. Philadelphia: University of Pennsylvania Press, 1960, 
pp. 151–336.

BH, Dial. Galileo Galilei, Dialogo sopra i due massimi sistemi del mondo tole-
maico e copernicano [1632]. Edizione critica e commento, 2 vols., eds. 
Ottavio Besomi and Mario Helbing. Padua: Antenore, 1998.

BH, Disc. Galileo Galilei and Mario Guiducci, Discorso delle comete 
[1619]. Edizione critica e commento, eds. Ottavio Besomi and 
Mario  Helbing. Padua: Antenore, 2002.

BH, Sagg. Galileo Galilei, Il saggiatore [1623]. Edizione critica e commento, eds. 
Ottavio Besomi and Mario Helbing. Padua: Antenore, 2005.

Camerota Michele Camerota, Galileo Galilei e la cultura scientifi ca nell’età 
della Controriforma. Rome: Salerno, 2004.

Chiari Galileo Galilei, Scritti letterari, ed. Alberto Chiari. Florence: Le 
Monnier, 1970.

DBI Dizionario biografi co degli italiani.
DSB Charles C. Gillispie (gen. ed.), Dictionary of scientifi c biography, 

16 vols. New York: Charles Scribner’s Sons, 1970–80.
FA Maurice A. Finocchiaro, The Galileo affair. Berkeley: Univer-

sity of California Press, 1989.
GG Galileo Galilei.
GL Torquato Tasso, Gerusalemme liberata [1581].
IMSS [Museo Galileo] Istituto e Museo di Storia della Scienza, 

Florence.



390 notes

JHA Journal for the history of astronomy (1970–).
LCF José Montesinos and Carlos Solís (eds.), Largo campo de 

fi losofare: Eurosymposium Galileo 2001. La Orotava: Fundación 
canaria Orotava de historia de la ciencia, 2001.

NCCS Paolo Galluzzi (ed.), Novità celesti e crisi del sapere. Florence: 
IMSS, 1983.

OF Lodovico Ariosto, Orlando furioso [1516, 1532].
Op. Galileo Galilei, Opere, 20 vols., ed. Antonio Favaro. Florence: 

Giunti-Barbera, 1890–1909.
OS Eileen Reeves and Albert Van Helden, tr. On Sunspots: Galileo 

Galilei and Christoph Scheiner. Chicago: University of Chicago 
Press, 2010.

Pagano Sergio Pagano (ed.), I documenti vaticani del processo di Galileo 
Galilei (1611–1741), 2nd ed. Vatican City: Archivio segreto vati-
cano, 2009.

RG Maurice A. Finocchiaro, Retrying Galileo, 1633–1992. Berkeley: 
University of California Press, 2005.

SN Galileo Galilei, Sidereus nuncius [1610]. The sideral messenger, 
tr. Albert van Helden. Chicago: Univerity of Chicago Press, 
1989.

TCWS Galileo Galilei, Dialogue concerning the two chief world systems, tr. 
Stillman Drake. Berkeley: University of California Press, 1953.

TNS Galileo Galilei, Discourses and mathematical demonstrations con-
cerning two new sciences pertaining to mechanics and local motions 
[1638], tr. Stillman Drake. Madison: University of Wisconsin 
Press, 1974.
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1 The Abbey of Vallombrosa, where Galileo studied as a boy and took steps toward 
becoming a monk. Giovanni Stradano, 1580s.



2 Dante’s Inferno as proposed by Antonio Manetti, calculated by Galileo, and drawn 
by Giovanni Stradano ca. 1590. The topmost circle is the river Acheron; the small area 
above the short black cylinder at bottom center is Malebolge, the eighth circle (the 
Deceitful).



3 Galileo as a professor at Padua, by Domenico Robusti, ca. 1606 ( left), and at the time of the publication of the Assayer, 
by Ottavio Leoni, 1624 (right). Note the asymmetry of the eyes in the Leoni portrait.



4 Galileo at 75, holding a telescope lens in one hand and showing his lynx ring on the 
other. Commissioned from Justus Sustermans by Ferdinando II ca. 1640.



5 The objective end of an early Galilean telescope, 92.7 cm long, probably a gift to 
Cosimo II, ca. 1610; and Galileo’s composite wash drawings of the lunar landscape, 
made with the help of a similar instrument, 1609.



6 From upper left, clockwise, Giambattista della Porta, playwright and natural 
magician; Christoph Clavius, Jesuit mathematician; Giovanni Camillo Glorioso, 
Galileo’s successor at Padua; and Jacopo Mazzoni, concordist Pisan philosopher. 
Crasso, Elogii (1666).



7 From upper left, clockwise, Giovanni Ciampoli, glib and genial opportunist; 
Fortunio Liceti, fl uent Paduan philosopher; Saint Robert Bellarmine, Jesuit theo-
logian; and Cesare Cremonini, friend of Galileo and bête noire of the Inquisition. 
Crasso, Elogii (1666).



8 Galileo’s close friends in Venice: left, Paolo Sarpi, wearing a patch to cover the wound left by an assassin’s knife, artist unknown; right, 
Gianfrancesco Sagredo, wearing the robes of offi ce of a Venetian patrician, by Leandro and Girolamo Bassano, 1618/19.



9 Galileo’s daughter Virginia, Suor Maria Celeste, and his closest disciple and surrogate son, the Bendictine monk Benedetto 
Castelli, both by unknown artists.



10 Religion and politics represented by the devout and domineering Christina of Lorraine, Grand Duchess of Tuscany, by 
Tiberio Titi, after 1609; and the willful and poetic Pope Urban VIII, by Gian Lorenzo Bernini, 1631/2.



11 The founder of the Accademia dei Lincei, Federico Cesi, by Pietro Facchetti, 1612 (left), and his cousin, Virginio Cesarini, poet and 
editor of the Assayer, by Anthony van Dyke, early 1620s (right).



12 Self-characterization of Dominicans as hounds of God. The relevant action, to 
the right of the cathedral (the Florentine Duomo with Buonaiuti’s solution to its then 
incomplete dome), shows St Dominic unleashing dogs against wolves that would 
devour the lambs of the Lord. St Thomas helps by scaring the faithful with one of his 
big books. Detail of a fresco by Andrea Bonaiuti, 1365–67, in the Spanish Chapel of 
Santa Maria Novella, Florence.



13 Self-conception of Urban VIII: Divine Providence brings the papal tiara and 
keys to crown an open escutcheon containing the Barberini bees. Detail of a ceiling 
painting by Pietro da Cortona, 1630s, in the Palazzo Barberini, Rome.



14 On the left, Galileo’s would-be friend, the brilliant, fl amboyant Dominican Tommaso Campanella, Francesco Cozza, date unknown; on 
the right, Galileo’s whipping-boy, the Jesuit mathematician Christoph Scheiner, by Thomas Scheffl er, 18th century.



15 Galileo and other illustrious Tuscans from a wall painting by Cecco Bravo, 1636, 
commissioned by Michelangelo Buonarroti the Younger to adorn his house in Florence. 
The architect Antonio Manetti stands at the far left holding his and Galileo’s model 
of Hell.



16 Above, Galileo overlooks 
the door of Viviani’s house in 

Florence and reliefs alluding to 
his contributions to navigation 

and gunnery; the text under 
D.O.M. addresses the “passerby 

of right and generous mind.” 
The statue, right, depicting 

Galileo as an Old Testament 
prophet, by Aristodemo 

Costolli, 1851, stands in the 
Loggia of the Uffi zi Gallery, 

Florence.
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