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Thank you very much for inviting me to come to ______.   

[I’ve really appreciated the opportunity to see the amazing things you do here.  ] 

This talk builds upon my years of  graduate study with the first Curator, Duane H. 
D. Roller, who built the OU Galileo collection. See Roller’s exhibit catalog: An 
Exhibition of  Works by Galileo Galilei (1564-1642), The History of  Science 
Collections, The University of  Oklahoma Libraries, 1980. 
https://lib.ou.edu/documents/GalileoExhibit1980.pdf  
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Create your own 
reading list

The birth of 
mathematical physics

The History of Science 
Collections

This guided tour of  the works of  Galileo will interweave three different strands.  First, we 
will see how Galileo represents a defining moment in the birth of  mathematical physics.  
-- Second, by surveying the works of  Galileo you will be able to decide which of  his books 
should come next on your personal reading list. 
-- And third, the presentation will introduce you to the University of  Oklahoma History of  
Science Collections.  These are my three goals for us in the next hour.
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Orange Bowl, 2001
University of Oklahoma, 13

Florida State University, 2

Research universities are often best known for their athletic programs.  But among 
historians of  science,  
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History of Science Collections

the University of  Oklahoma is known for the History of  Science Collections.  
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Everette DeGolyer
6,000 volumes

1954

The History of  Science Collections began in the late 1950s with a gift of  6,000 rare 
books by Everette Lee DeGolyer, an alumnus of  the OU geology school. 
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Everette DeGolyer
6,000 volumes

1954

Duane Roller
79,000 volumes

1990

Duane Roller, son of  a physicist, became the first curator and professor of  the 
history of  science.  When he retired in 1990, a separate Department for the 
History of  Science had been created.  There are now 12 faculty in the history of  
science program, and we offer graduate degrees in the history of  science.   
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Everette DeGolyer
6,000 volumes

1954

Duane Roller
79,000 volumes

1990

Marilyn Ogilvie
94,000 volumes

2008

Marilyn Ogilvie, a specialist on women in science, became curator in 1991.  Under 
her direction the Collections grew to 94,000 volumes before her retirement in 
2008.
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Collect Preserve Teach/Research

After we collect the books,
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Collect Preserve Teach/Research

we preserve them in climate-controlled vaults.   
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Collect Preserve Teach/Research

Then we make them available to students and scholars for teaching and research.
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The Works of Galileo 
A Guided Tour

Let's go on a guided tour of  the works of  Galileo, just as if  we were walking 
through the vaults in Oklahoma.  It’s 55 degrees, and the aroma of  old books 
surrounds you.  Of  all the founders of  modern science, Galileo's works are 
perhaps the most enjoyable and rewarding to read today.  As you listen, decide 
which of  his books to put next on your reading list.   

11



Have you read Galileo’s Daughter, the popular book by Dava Sobel?  ❐  Or perhaps 
you’ve seen the NOVA program based upon it? 
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Galileo’s Battle for the Heavens
Based on Dava Sobel, Galileo’s Daughter

PBS NOVA, October, 2002

We were thrilled when the producers for NOVA contacted us about the project, 
and we provided every image from a book used in that film.   

13



To create mock-ups of  the books for dramatization, they printed images from our 
originals on quality cotton paper, and bound them in period-style vellum.  When 
you watch this film, you’re seeing reproductions of  books from the University of  
Oklahoma library. 
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Foundations of Mathematical Physics

Today it’s hard to imagine studying physics without mathematics, but Galileo 
played a crucial role in establishing the mathematical approach to physics.  Galileo 
stood for the idea that mathematics is the language of  nature.
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Mathematics vs. Physics 
Raphael
School of Athens

Plato said this long ago, as Raphael tried to show in "The School of  Athens." Plato 
and Aristotle each point toward what is real according to their worldviews.  
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Mathematics vs. Physics 
Raphael
School of Athens

Plato Aristotle

Plato points one finger upward toward the ideal world of  forms.  According to 
Plato, you need mathematics to understand nature.  In contrast, Aristotle spreads 
his fingers downward toward the physical world of  diverse particulars.  To study 
physics, according to Aristotle, you don't need mathematics.  So the modern world 
inherited two distinct approaches in the attempt to comprehend the universe:  
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Mathematics vs. Physics 
Raphael
School of Athens

Euclid

Arch
imedes

Ptolemy

Aristotelian 
physicists

-- First, the mathematical approach, associated with Platonism, exemplified by Euclid, 
Archimedes and Ptolemy. 
-- Second, non-mathematical Aristotelian physics. Galileo was surrounded by 
Aristotelians who thought that physics should be qualitative.  Galileo insisted 
otherwise, and turned the disciplinary hierarchy upside down:  mathematicians, far 
from being low on the totem pole, could do physics better than the physicists.  So 
Galileo is the supreme example of  a new way of  doing science:  mathematical phyics.
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“Philosophy is written in this grand book—I 
mean the universe—which stands continually 
open to our gaze, but it cannot be understood 
unless one first learns to comprehend the 
language and interpret the characters in which 
it is written.  It is written in the language of 
mathematics, and its characters are triangles, 
circles, and other geometrical figures, without 
which it is humanly impossible to understand a 
single word of it; without these, one is 
wandering around in a dark labyrinth.”

Galileo Galilei
Il Saggiatore (The Assayer)

Rome, 1623

Galileo wrote:  (quote) 
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Mathematical 
Physics 

Euclid

Arch
imedes

Ptolemy

Aristotelian 
physicists

Aristotelian 
Physics 

vs. 

In this intellectual and political battle, mathematicians before and after Galileo 
mounted a successful attack on Aristotelian physics and replaced it with the 
mathematical physics we know today.  
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The language of nature 

Mathematics

Let’s briefly survey this mathematical tradition.  The first printed edition of  
Euclid's Elements of  Geometry was published in Venice in 1476,
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only two decades after Gutenberg, with beautiful woodcuts, hand-colored on this 
page.   
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The printer Ratdolt used copper wires in plaster blocks to print mathematical 
diagrams.  Before this printing innovation, printing scientific works with all their 
diagrams was quite difficult!  
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Euclid, Elements
Printed Arabic edition

Rome, Medici press, 1594

Euclid, Elements
First edition (Latin)

Venice, 1482

The Medici press in Rome printed this Arabic version of  Euclid in 1594.  Printing 
Arabic characters with movable type was something of  a technological feat. 
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Euclid, Elements
Printed Arabic edition

Rome, Medici press, 1594

Euclid, Elements 
First English edition

London, 1570

The first English edition of  Euclid was edited by the notorious mathematician and 
scholar of  the occult, John Dee, in 1570.  ❐  This copy still has the first pop-ups!  
❐  What a great way to learn solid geometry. 
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Euclid, Elements (1589)
Collegio Romano (Christoph Clavius)

Rome

Why have we collected hundreds of  editions of  Euclid's Elements?  This is the 
edition prepared for students in Rome by the leading Jesuit mathematician of  
Galileo’s day, Christoph Clavius. ❐   It is densely written, with small print.  
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Euclid, Elements (1589)
Collegio Romano (Christoph Clavius)

Rome

Euclid, Elements (1655)
Cambridge (Isaac Barrow)

London

On the right is the edition used by Newton's contemporaries at Cambridge, 
prepared by Isaac Barrow.  ❐ Compare these two pages of  Clavius and Barrow for 
yourself; which geometry course would you rather take? 
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Clavius, 2 vols. Barrow

Here are the two thick volumes of  Clavius' edition.  ❐  In contrast, Barrow’s single 
English volume might fit in a shirt pocket.  To the historian, not even Euclid's 
Geometry is the same in all times and places.  That is why we must collect them all 
— just the first editions would not be enough to support research. 
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Niccolò Tartaglia Niccolò Tartaglia
Nova Scienta Inventa

Vinegia, 1537

Clavius, Niccolò Tartaglia and other mathematicians in the 16th century argued for 
the use of  mathematics in physics.  ❐  Tartaglia here shows Euclid guarding the 
gate of  knowledge.  ❐  Divisions between mathematical theory ❐  and practice 
were being overcome. ❐  
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Archimedes
Opera, ed. Niccolò Tartaglia

Venetiis, 1543

Tartaglia also published the works of  Archimedes, including Archimedes' work on 
floating bodies.  Tartaglia was a teacher of  Ostilio Ricci, court mathematician of  
the Grand Duke of  Tuscany, who in turn taught the young Galileo in Florence.  
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Archimedes
Opera, ed. Niccolo Tartaglia

Venetiis, 1543

Archimedes
Greek and Latin texts

Oxford, 1792

A later edition of  Archimedes ❐ contained both Greek and Latin texts. 
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Astronomy

Astronomy was a discipline of  mathematics, not part of  Aristotelian physics. 
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Camille Flammarion
L’Atmosphere

Paris, 1888

Ancient and medieval astronomers knew that the Earth was round, despite this 
famous woodcut that actually originates from a 19th-century source. 
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Peter Apian
Cosmographia

16th century textbook

Peter Apian's Cosmographia shows the map of  the universe that ordinary students 
took for granted. 
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Apian, cosmic section

Cosmic section 

Earth a central sphere 

Solid spheres carry planets, stars

Earth

Fixed stars

Moon

Precession

A central spherical Earth,  ❐ is surrounded by the Moon embedded within a solid 
sphere carrying it around the Earth once a month.  The solid sphere explains why the 
same side of  the Moon always faces the Earth.   ❐ Another solid sphere contains the 
fixed stars, and rotates around the Earth once each day.  This solid sphere explains why 
the stars appear fixed in constellations during their daily motion.  If  the idea of  spheres 
so easily explains the appearances of  the Moon and stars, why not use them to explain 
the other planets, including the Sun?  The relative motions of  these giant solid turning 
spheres expressed mathematical harmonies, the music of  the spheres.  ❐  In addition, 
extra spheres were added for long-term periodical phenomena such as precession.
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Eclipse:  Shape of the Earth

I love the simple woodcut illustrations in Apian's textbook. This shows one of  
Aristotle's arguments for the sphericity of  the Earth:  ❐  during a lunar eclipse, the 
Earth's shadow on the Moon is always curved.   ❐  If  the Earth were any other 
shape, some time or other its shadow would be angular. 
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Therefore, one didn't have to circumnavigate the globe to know that the Earth is 
round, and the mistaken idea that Columbus faced opposition from flat-earthers is 
a modern myth. 
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Peter Apian
Cosmographia

16th century textbook

Regiomontanus
Epitome of Ptolemy’s Almagest

1496

While Apian represents a popular textbook,  ❐ Regiomontanus' Epitome of  
Ptolemy's Almagest, published in 1496, represents the pinnacle of  Renaissance 
astronomy. 
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Here Ptolemy and Regiomontanus converse together through the centuries. 

39



This book contains an updated version of  Ptolemaic mathematical astronomy, and 
is the first of  the three most important works of  astronomy published in the next 
100 years. 
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In another work, Regiomontanus used his updated Earth-centered models to 
predict the positions of  the Sun and Moon for 40 years. 
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These positions provided the foundation for calculations of  lunar and solar 
eclipses.  ❐  Columbus had a copy of  a German edition of  this work with him on 
his fourth voyage, when he used the prediction of  this 1504 lunar eclipse to 
frighten his Jamaican hosts into providing needed supplies. 
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Suitably updated, an Earth-centered system can still serve today to accurately 
position the Sun, Moon and planets, as did the star projector in the university 
planetarium I once directed. 
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Regiomontanus
Epitome of Ptolemy’s Almagest

1496

Nicolaus Copernicus
De revolutionibus orbium coelestium

Nuremberg, 1543

The second of  the 3 most important astronomical works of  the 16th century was 
by Nicolaus Copernicus,  ❐ published in 1543, 
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De revolutionibus orbium coelestium, On the Revolutions of  the Heavenly Spheres. 
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It begins with an unsigned preface "To the Reader, on the Hypotheses of  this Work."  
The preface says that one should read the book, and instead of  taking offense, interpret 
it hypothetically.  ❐ Mathematical works were often regarded as hypothetical, because 
one could save the phenomena with various mathematical devices, even with false ones.  
It was unsigned because this was the middle of  the Reformation and the preface was 
written by a leading Lutheran theologian who served as the final editor of  the 
manuscript.  Copernicus was a Catholic who worked in a cathedral in northern Poland.   
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In a prefaced letter,  Nicolaus Schönberg, a Cardinal, asked Copernicus to publish 
this book and even offered to pay for its printing.  Although often overlooked, 
Copernicus had support from the highest levels of  the Church. 
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Indeed, Copernicus dedicated the book to none other than the pope.  In his 
preface, he asserted that astronomy is a work of  mathematics, for mathematicians.  
Theologians should understand, before they criticize, that the current system is no 
credit to the deity. 
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5 px

In Book I Copernicus laid out his basic assumptions, such as that the universe is 
spherical  ❐ and that the earth is spherical.  Ptolemy began the Almagest in the 
same way. 
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Central Sun

Moving Earth

But Copernicus departed from Ptolemy by switching the positions of  the Sun  ❐ 
and the Earth. 
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This chapter heading is on... 
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Triplici

the triple motion of  the Earth.  What are these three motions? 
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Rotate - axis

Orient Earth’s north pole toward stars, not Sun

Revolve around Sun

First, the Earth rotates around its axis once each day.  ❐  Second, it revolves in 
orbit around the Sun once each year.   ❐ Copernicus’ third motion is not needed 
today, but was necessary because Copernicus accepted the solid spheres.  He had to 
postulate another motion of  the Earth's axis to keep from tilting the north pole 
toward the Sun throughout the year. 
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After Regiomontanus’ Epitome of  Ptolemy and the De revolutionibus of  Copernicus...
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Nicolaus Copernicus
De revolutionibus

Nuremberg, 1543

Johann Kepler
Mysterium Cosmographicum

1596

the third most important work in 16th century astronomy was by Johann Kepler, 
whose astonishing works and discoveries we must save for another time.  ❐  This is 
the Mysterium Cosmographicum, or Sacred Mystery of  the Structure of  the Cosmos,  
published exactly 100 years after Regiomontanus' Epitome.  ❐ In this book Kepler 
proved Copernicanism using the 5 regular Pythagorean solids.  Kepler mailed copies 
to various scholars, including Galileo.  Galileo didn't bother to read what seemed to 
him like the work of  a Lutheran mystic, but wrote back to Kepler that he had already 
been a Copernican for several years.
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Foundations of Mathematical Physics

Sip of  water
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Foundations of Mathematical Physics

Galileo:  Early Years

So now we meet Galileo as a young man, already committed to mathematics and to 
the new astronomy. 
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Pisa and Florence

Galileo grew up in Tuscany.  Galileo’s ancestors were Florentines.  His father 
moved to Pisa for financial reasons, and Galileo was born there in 1564. 

58



The family returned to Florence when Galileo was ten.
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Galileo entered the University of  Pisa in 1581 to study medicine.  But medicine 
was not Galileo’s first love, and  ❐  he returned to Florence in 1585 without 
receiving a degree.  Galileo devoted himself  to mathematics, and  ❐  returned to 
Pisa in 1589 to teach mathematics.  Yet Galileo did not get on well with the 
Aristotelian faculty and resigned his post in 1592,  ❐  returning again to Florence. 
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Padua and Venice

In September, 1592, Galileo was appointed lecturer in mathematics at Padua, in the 
Republic of  Venice, for a term of  4 years.  He would end up staying there until 
1610. 
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Galileo spent much of  his time in Venice with his mistress, Marina Gamba.  In 
1600 they would have a daughter, Virginia, who remained particularly close to 
Galileo the rest of  their lives, the subject of  the NOVA episode and Sobel’s book. 
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Geometrical 
and Military 

Compass
Galileo Galilei 

(Padua, 1606)

Perhaps you will read Galileo's first printed book, a manual on the operation of  a 
geometrical and military compass.  ❐ Publication was intended to please young 
Cosimo II,  
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son of  the Grand Duke of  Tuscany, whom Galileo had tutored in mathematics the 
previous summer.   ❐ Galileo proudly noted on the title page that he himself  was a 
Florentine.
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The instrument contained scales of  his own innovative design, useful for an 
astonishing variety of  calculations in the field.  
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For example, one could use it to calculate the height of  a tower; to lay out military 
fortifications; or to aim a cannon at the correct angle to achieve a target distance.  
Galileo had the instrument made in his own home, and supplemented his income 
by teaching young gentlemen how to use it. 
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The Oklahoma copy of  Galileo's first printed work contains his own marginal 
notes, including corrections which were quickly incorporated into subsequent 
copies of  the first printed edition.
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Because it was the first copy off  the printing press, see how the fresh type bit 
deeply into the paper. 
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Balthassar 
Capra

Galileo sold an instrument to the father of  Baldassar Capra in 1602, and 
recommended the father to the court of  the duke of  Mantua. This kindness was not 
reciprocated:  In 1607, Baldassar Capra published under his own name a Latin 
translation of  Galileo's work, including instructions for making the instrument 
oneself.  The preface implied that Galileo had stolen the instrument from him!  This 
labeled Galileo as a thief  who had dedicated his stolen work to Cosimo de Medici!  
Galileo reacted quickly, taking legal action to expel Capra from the University and to 
seize all the copies of  Capra’s book.
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A number of  copies of  Capra's plagiarization of  Galileo's work had already been 
distributed. So Galileo published his Defense against the calumnies and imposture of  
Baldassar Capra, to inform Cosimo de Medici and fellow mathematicians more 
broadly of  the legal judgment against Capra. 
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The Oklahoma copy of  Galileo's second printed book is inscribed by Galileo to a 
Florentine physician. It contains other handwritten notes by Galileo as well.
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Foundations of Mathematical Physics

Galileo:  Early Years

take a drink
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Foundations of Mathematical Physics

Early Years

The Telescope and Starry Messenger
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Galileo Galilei 

(Venice, 1610)

Starry 
Messenger

When Galileo heard news of  telescopes invented in the Netherlands he  ❐ worked 
out the underlying geometry and crafted one of  his own design.   
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From the top of  San Marco's belltower, Galileo demonstrated to Venetian senators 
how it could be used to identify ships while they were still far out from shore.  This 
offered a strategic advantage for a city vulnerable to attacks by sea.  Then, rather than 
charging an exorbitant fee, he donated a telescope to the Senate.  In gratitude, they 
more than doubled his salary!  :-)  However, this wasn’t as good at it sounds:  as a 
mathematician, low in the disciplinary hierarchy at the university, Galileo still earned 
much less than Cremonini, a leading Aristotelian physicist at Padua.  Yet with funding 
improved, he turned the telescope toward the heavens. 
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Galileo demonstrated the existence of  mountains on the Moon.  The Aristotelians 
at Padua taught that the shading of  the Moon was internal, its surface as smooth as 
a marble. 

76



Using simple geometry, Galileo accurately estimated the height of  lunar mountains 
(A to D) at about 4 miles.
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Galileo taught us how to observe the lunar surface.  What appears as an isolated 
peak one night,  ❐  may become a chain of  mountains the next night,  ❐ or 
converge in a circular structure after that.  He was not mapping the moon, or 
implying that a crater of  that size is present in that location, ❐ but showing how to 
detect real lunar topography, contrary to the Aristotelian physicists. 
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Johannes Hevelius
Selenographia

1647

Galileo's book set off  the 17th century race for the Moon.  Not a race to go there, 
but a race to map its surface, a task which was accomplished by mid-century in this 
lunar atlas of  Hevelius. ❐   One misinterprets Galileo to accuse him of  
exaggerating the size of  the small Aristarchus crater accurately depicted here.  
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But Galileo's discovery entailed more than just mapping the Moon:  Galileo argued 
that the Moon and the Earth are similar kinds of  bodies.  They both have 
mountains, seas, atmospheres, and both shine by reflected light.  All this might 
suggest that the Earth, also, is a wandering planet. 
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With the telescope Galileo discovered vast numbers of  unsuspected stars.  On this 
page he shows 36 new stars around the original six of  the Pleiades, ❐ and 80 new 
stars near the belt and sword of  Orion.  Most significantly, all of  the stars appeared 
as small points of  light, not as enlarged globes like the planets.  ❐  With this 
confirmation that the stars lie much farther away than was thought, the absence of  
observable stellar parallax was no longer a valid objection to Copernicanism.  In 
addition, how could one now retain the older view that an immense sphere of  stars 
rotates every 24 hours around a stationary Earth?  To accommodate stars at such 
vast distances, that outer sphere would have to be immeasurably thick. 
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“Galileo and the Battle for the Heavens”

PBS NOVA

Galileo also discovered four satellites revolving around Jupiter,  
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 ...printing more than 60 observations of  their positions from night to night.  
Critics had asked:  “why should the Earth have its own Moon, unlike any of  the 
other planets?”  These satellites removed this anomaly for the Copernican system.  
The satellites of  Jupiter proved that multiple centers of  revolution exist in the solar 
system.  
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The satellites also proved, contrary to the argument of  the Aristotelian physicists, 
that a moving planet would not leave its Moon behind.  Jupiter was a miniature 
Copernican system set in the sky to persuade Catholics not to abandon their own 
astronomer.
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But then Galileo had another idea:  the satellites of  Jupiter were his ticket to return 
to Tuscany.  He hastily printed a new name to paste over a previously printed page, 
in order to call them the Medicean stars.  Jupiter stood for the Grand Duke, and the 
four satellites stood for the Grand Duke's four sons. ❐  What could be better, 
other than the fact that the eldest son, Cosimo, had just become the next Grand 
Duke?
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In the dedication, Galileo noted that Jupiter appeared in a royal position at 
Cosimo's birth, and waxed eloquent in courtly praise:  Serenissimo Grand Duke, 
"scarcely have the immortal graces of  your soul begun to shine forth on earth than 
bright stars offer themselves in the heavens, which, like tongues [longer lived than 
poets] will speak of  and celebrate your most excellent virtues for all time."  This 
was a funding proposal, 17th-century style!  :-)  No wonder the King of  Spain, the 
Holy Roman Emperor, the French ambassador to Italy and others each invited 
Galileo to join their courts.  :-)
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The title page announces the four satellites, but reserves the largest type for the 
new name,  ❐ Medicean stars.  Galileo was hot property, an instant celebrity,  ❐ and 
within months he was ❐  back in Florence installed in Cosimo's court.   
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The Oklahoma copy is inscribed by Galileo as a gift to a poet in the Medici court. 
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Will The Starry Messenger be the next book on your reading list?  It would be a great 
choice. 
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Foundations of Mathematical Physics

Early Years

The Telescope and Starry Messenger
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Foundations of Mathematical Physics

Early Years

The Telescope and Starry Messenger

Triumph in Rome
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Rome

In the Spring of  1611 Galileo visited Rome in triumph.  In contrast to Aristotelian 
physicists who were entrenched in the universities, many Jesuits were highly trained 
in mathematics.
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ConflictComplexity

Before saying more about the Jesuits, I want to say a word about science and 
religion.  Galileo rightly stands as the paradigm example of  a scientist with novel 
ideas who was suppressed by a centralized institution more concerned with 
maintaining its authority and power than pursuing truth.  With this said, however, 
nearly all professional historians of  science reject the widespread popular 
assumption that science and religion are locked in an inevitable conflict.  Instead 
of  the warfare thesis, professional historiography now ❐ adopts a complexity 
thesis:  the relations between science and religion then, as now, are highly specific 
and defy easy summary.  Many of  Galileo’s enemies were in the church, but so 
were many of  his most ardent supporters.  Many of  Galileo’s most powerful 
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antagonists were based in the universities.  The real story of  Galileo is far more 
complicated than a simple conflict of  science and religion, and far more 
interesting.

93



So, many Jesuits were trained in mathematics and therefore sympathetic to Galileo, 
in opposition to the Aristotelian physicists in the universities.  Jesuit astronomers 
of  the Collegio Romano eagerly looked through Galileo’s telescopes, confirmed his 
observational discoveries, and certified their validity to Cardinal Robert Bellarmine.  
Christoph Clavius indicated that the new discoveries would require the 
reinterpretation of  accepted astronomical views.  Ptolemy's system was now all but 
dead, so far as mathematical astronomers were concerned.  The Jesuits feasted and 
honored Galileo, offering a fellow mathematician speeches and gifts as the leading 
light of  Tuscany.
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Ludovico Cardi, known as Cigoli, painted this fresco in Rome, an Assumption of  
the Virgin, with a Galileo-type Moon.  Cigoli represented the crescent Moon as it 
appeared through the telescope.  Smooth, translucent Moons are common in 
ascensions of  the Immaculate Virgin, but no one had painted her standing on a 
pock-marked, maculate moon with mountains and oceans.  Cigoli’s painting 
represents the initial favorable reception of  Galileo’s discoveries in Rome.
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Giambattista  
della Porta

ca. 1535 - 1616 

(English translation, 1664)

In his 1589 book Natural Magic, Della Porta had described an optical tube that 
would make far things appear as though they were near.  
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The field of  optics was often associated with magical tricks and illusions, and for 
that reason often held suspect among the non-mathematical Aristotelians.  One 
physicist at Pisa, Giulio Libri, refused to look through Galileo’s telescope.  When 
Libri died shortly thereafter, Galileo quipped that he would have another 
opportunity to see the satellites of  Jupiter on his way up to heaven.
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But Della Porta's magic was natural magic, that is, an inquiry into causes that were 
natural even if  they were hidden... 
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This inquiry was personified by the keen eyesight of  the lynx, which adorned Della 
Porta's 1589 title page.  Inspired by Della Porta, prince Federigo Cesi established 
the Accademia dei Lincei, the Academy of  the Lynx, to peer deeper into the secrets 
of  nature than ever before.
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Giovanni 
Battista Della 

Porta
Le Operazioni del compasso 

geometrico, et militare 

(Padova, 1606)

Della Porta became the first non-founding member, and his membership is 
proudly noted on this title page.  During the visit to Rome, Galileo met Prince Cesi 
and other members of  the Lynx.  Galileo became the second non-founding 
member of  the Academy of  the Lynx.  Cesi and the Academy of  the Lynx 
provided Galileo with crucial intellectual, financial, and moral support the rest of  
his life.
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Treatise on 
Fossil Minerals

Francesco Stelluti 

(Roma, 1637)

Francesco Stelluti was one of  the founding members of  the Academy of  the Lynx. 
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In this work Stelluti published Cesi's investigations into petrified woods.
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Note the emblem of  the Academy of  the Lynx.  The Lynx were supported by the 
powerful Barbarini family; as suggested by the prominence of  the Barbarini name.  
Francesco Barbarini was a papal emissary to France and ...
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...a Cardinal of  the Church, like his uncle Maffeo Barbarini. 
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Hernandez 
Natural History of Mexico (1650)

We do not have time to list the works of  the various members of  the Lynx, 
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which spanned all fields  of  mathematics and natural history,  
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including the first natural history of  the new world printed in Europe, shown here, 
by Francesco Hernandez. 
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Hernandez was regarded as a guide to the fountain of  youth, finally published in 
1650 with clarifications and notes contributed by nearly all members of  the Lynx.
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The descriptions include Aztec names and medicinal lore for New World plants.  
Let's return to Galileo, 
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now emboldened by three successes:  his appointment to the Medici court, his 
reception among the Jesuits in Rome, and his induction into the Academy of  the 
Lynx. 
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On Floating 
Bodies

Galileo Galilei 

(Firenze, 1612)

Galileo believed that mathematicians understood physics better than did the 
physics professors.
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This 1612 work demonstrated the ignorance of  an Aristotelian physicist, Lodovico 
delle Columbe, concerning why objects float in water.  At a public debate 
sponsored by the Grand Duke, Galileo humiliated Columbe.   ❐  Cardinal Maffeo 
Barbarini adjudicated the contest and determined in favor of  Galileo.  (Remember 
that face; Maffeo Barbarini appears many times in Galileo’s story.)   ❐  Here 
Galileo proudly announced that he was not only the Grand Duke's mathematician, 
but also his philosopher, which meant natural philosopher, or physicist.  Were we to 
choose a symbolic date of  birth for mathematical physics, we might well settle 
upon the arrival of  Galileo to the Medici court in 1610, for Galileo was designated 
both mathematician and physicist of  the Grand Duke.  This book, printed after the 
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debate at the request of  the Grand Duke, was Galileo’s first published work on a 
topic in physics. 
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Floating bodies were treated in detail by Archimedes, but because of  the 
disciplinary division between mathematics and physics, Archimedes’ work was 
largely unknown among university physicists.  With this book, Galileo promoted 
the new way of  doing physics mathematically. 
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Galileo Galilei
History and Demonstrations 

Concerning Sunspots 

(Rome, 1613)

Galileo also published a description of  sunspots in 1613.
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Note the geometrical compass and telescope.
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Hereafter, Galileo always signed his name Galileo Galilei Linceo. ❐ Again, he 
claimed the title Philosopher or physicist.  For Galileo and other mathematicians of  his 
generation, it was time to create a new discipline, called mathematical physics.
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In a 1611 book published by none other than the Academy of  the Lynx, the Jesuit 
astronomer Christoph Scheiner argued that sunspots are little planets circling the 
Sun like Venus.  Galileo answered Scheiner with Letters on Sunspots shown here, 
filled with illustrations of  the solar disc.   
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Letters on Sunspots, 1613

By tracking the motion of  sunspots across the face of  the Sun, Galileo proved that 
they were contiguous with the Sun's surface, and not little planets.  We will browse 
his observations for 28 days.  ❐ (arrow) As we do,  note how the spots move 
together across the Sun.  
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Letters on Sunspots, 1613

By moving together, and moving slowly (about a month), they cannot be planets.  Note 
how irregular they are in shape, and how they form and disappear with irregular 
timing.  That's not like planets either.  Note the foreshortening of  the spots as they 
approach the edge of  the solar disk.  That proves they're contiguous with the 
surface.  The sunspots therefore suggest that the Sun and the heavens are 
corruptible, a tenet contrary to Aristotle but already accepted by many theologians, 
including Cardinal Bellarmine.
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Christoph 
Scheiner
Rosa Ursina 

1630

Scheiner eventually published the definitive work of  the 17th century on sunspots, 
in which he accepted Galileo’s argument
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that sunspots “move like ships” on the surface of  the sun.  However, Scheiner 
became an implacable enemy of  Galileo, resentful of  Galileo’s patronizing 
invective and jealous of  his priority claims for the discovery of  sunspots.   
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Jesuit astronomers

Aristotelian physicists

Theologians

It was an ominous development for a leading Jesuit astronomer to join the 
Aristotelian physicists among Galileo’s enemies. Next would come the theologians. 
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In the church of  Santa Maria Novella in Florence, 
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[In the church of  Santa Maria Novella in Florence,] 
there is a pulpit from which the Dominican Tommaso Caccini preached a sermon 
on the text
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“Ye men of Galilee,  

why stand ye gazing  

up in to heaven?” 

December 20, 1614

Tommaso 
Caccini

[there is a pulpit from which the Dominican Tommaso Caccini preached a sermon 
on the text ] 
“Ye men of  Galilee, why stand ye gazing up into heaven?”  Caccini attacked 
Galileo and Copernicanism as contrary to Scripture, an argument that was 
supported by the physicist Columbe and other Aristotelians who wanted to silence 
the Medici mathematician.  In 1615, Caccini went to Rome and submitted a lengthy 
deposition formally requesting the Inquisition to investigate Galileo.  
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Benedetto 
Castelli

Risposta 

(Firenze, 1615)

Benedetto Castelli was a student of  Galileo’s in Padua.  When Galileo joined the 
Medici court, Castelli moved to Tuscany to remain near to Galileo. He was 
appointed to teach mathematics at Pisa, and from there remained an ardent 
supporter of  Galileo.   
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Castelli, 
Risposta

Risposta... 

(Firenze, 1615)

This book, which Galileo and Castelli wrote together, refuted the Aristotelian 
physicists by defending Galileo's treatise on floating bodies. 
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Galileo Galilei, 1615 

First printed edition, 1636

Letter to the 
Grand Duchess 

Christina

In response to gathering criticism, Galileo had written a short reconciliation of  
Scripture and Copernicanism in a letter to Castelli.  Now he prepared a longer, 
revised version which circulated in manuscript as the “Letter to the Grand Duchess 
Christina." 
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Galileo argued that the purpose of  Scripture is to tell us how to go to heaven, not 
how the heavens go; Scripture never errs, but its interpreters do err; and read 
rightly, Scripture and Science will never conflict (there is a unity of  truth).  That 
which is obscure (figurative language) should be explained by that which is clear 
(mathematical demonstrations).  To show the traditional basis of  his approach, he 
cited St. Augustine throughout.   
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Galileo certainly did biblical interpretation better than the theologians did physics.  
And while professional theologians at the time were not impressed by a 
mathematician telling them how to interpret scripture, in theory, nothing would 
have prevented Roman Catholic theologians at the time from accepting the 
Copernican system, had they rigorously followed their own explicitly formulated 
principles of  interpreting scripture.  Pope John Paul II used Galilean language to 
affirm similar hermeneutical principles in 1992.  However, no theologian then or 
now was persuaded by the weakest and most provocative part of  Galileo’s letter, 
where he argued that he could prove Copernicanism from scripture! 
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Meanwhile, Inquisition proceedings continued.  On February 24th, eleven 
consultants met in the Vatican to consider two propositions taken from Caccini’s 
deposition:  
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Science Faith

The Sun is the center of 
the world

Foolish  
&  

Absurd

Heretical

The Earth is not at the 
center of the world, nor 

motionless
Erroneous

Non
-b

in
di

ng

that the Sun is the center of  the world; and that the Earth is not at the center of  
the world, nor motionless.  Both propositions, these theologians agreed,  ❐  were 
foolish and absurd according to science.  Moreover, they concluded,  ❐  according 
to the Faith the first is heretical and the second is, at least erroneous.   ❐  However, 
the consultants’ views were not official or binding.  Cardinal Orsini, Cardinal 
Caetani and Cardinal Bellarmine, among others, did not wish to create a public 
spectacle at the expense of  the Grand Duke’s mathematician.  ❐  Cardinal Maffeo 
Barbarini defended Galileo’s Letter to the Grand Duchess Christina before Pope Paul V. 
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1.  The Sun is the center of the world... 
2.  The Earth is not at the center of the world, 
nor motionless...

February 24, 1616

Galileo not mentioned 
Galileo’s works not prohibited 

Copernicus not prohibited, not heretical 
Copernicus suspended until corrected

As a result, the decree actually issued by the Congregation of  the Index stopped 
short of  censuring Galileo or prohibiting any of  his works.  Nor did it declare 
Copernicanism “heretical.”  But the De revolutionibus of  Copernicus would be added 
to the Index of  Prohibited Books until it could be corrected.   
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Cardinal Robert Bellarmine
“Galileo and the Battle for the Heavens”

PBS NOVA

On February 25th, the Congregation of  the Index instructed Cardinal Bellarmine 
to meet with Galileo and warn him in advance of  the impending decree. 
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Four years later, in 1620, the Congregation of  the Index published 10 corrections 
to Copernicus, making it permissable for Catholics, including Galileo, to read and 
discuss it again.  
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Triplici

Copernicus, De revolutionibus (1543)

This correction is typical:  where Copernicus wrote of  "the demonstration of  the 
triple motion of  the earth,"  ❐ the handwritten correction amends it to "the 
demonstration of  the hypothesis of  the triple motion of  the Earth."  Similar 
corrections are made throughout the book,  ❐ to ensure that a mathematical 
discipline would be interpreted hypothetically.  In this view, Aristotelian physics 
deals with truth, mathematics only with hypotheses.
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Thomas 
Salusbury, 

Mathematical 
Collections

London, 1661

Several works involved in the Copernican controversies over the interpretation of  
Scripture were first translated into English by Thomas Salusbury. 
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This volume includes Galileo’s Letter to the Grand Duchess Christina. 
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A discussion of  principles for interpreting scripture by Kepler. 
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A defense of  Galileo by Foscarini, a Carmelite monk. 
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and also Galileo’s Dialogue, for which he was put on trial, as we shall see. 
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The volume is charred and blackened around the edges.  Fewer than 50 copies 
survive, as most perished in the Great Fire of  London in 1665. 
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This copy was owned by a student at Cambridge, and somehow escaped, perhaps 
snatched from the flames. 
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A New Pope and a New Dialogue

Title: Do you need a moment to stretch?  If  you are following along on your 
handout, we’re now near the bottom of  page 3, A New Pope and a New Dialogue.   
Sip of  water. 
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Galileo Galilei 

Rome, 1623

The Assayer  

Il Saggiatore

In 1616 Galileo may have been silenced on Copernicanism, but he bounced back 
with gusto in 1623.  In that year his supporter and friend,  ❐  Cardinal Maffeo 
Barberini, a patron of  the Lynx and uncle of  Cardinal Francesco Barbarini, became 
Pope Urban VIII.
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This is the crest of  the Barbarini family, showing three busy bees.  In The Assayer, 
Galileo weighs the astronomical views of  a Jesuit, Orazio Grassi, and finds them 
wanting. The book was dedicated to the new pope. 
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Urban employed a member of  the Lynx, Cesarini, at a high level in the papal 
service.  This book was edited and published by members of  the Lynx.
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Again Galileo insisted that physics or natural philosophy should be mathematical.  
He is the philosopher or physicist of  the Grand Duke of  Tuscany, not merely the 
mathematician.   ❐ Physics or natural philosophy spans the gamut from processes 
of  generation and growth (represented by the plant) to the physical structure of  
the universe, represented by the cosmic cross-section.  ❐Mathematics, on the other 
hand,  ❐  is symbolized by telescopes, and an armillary sphere.  This is the book 
containing Galileo's famous statement that mathematics is the language of  nature.  
In this radical assault upon the physicists, Galileo asserted that only through 
mathematics can one achieve lasting truth in physics.  ❐ Physicists who neglect 
mathematics wander endlessly in a dark labyrinth.  
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Although The Assayer contains a magnificent polemic for this new discipline of  
mathematical physics,  ironically its main point was to ridicule a fellow 
mathematician. This time, the target of  Galileo’s wit and sarcasm was the cometary 
theory of  a Jesuit, Orazio Grassi, who argued from parallax that comets move 
above the Moon. 
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Galileo mistakenly countered that comets are an optical illusion.  We have come far 
from the months after Galileo’s telescopic discoveries when Galileo was celebrated 
by the Jesuit mathematicians:  recently alienated from the Jesuit astronomer 
Scheiner, now Galileo's polemical tone against Grassi sealed the opposition of  the 
Jesuit order.   ❐  On the other hand, the satirical book was read with delight at the 
dinner table by Urban, who wrote a poem praising Galileo for the rhetorical 
performance!    
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The Assayer  

Il Saggiatore
Rome, 1623

The Assayer also includes Galileo's first published drawing of  the phases of  Venus. 
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Cesi & Stelluti 
Apiarium

(Rome, 1625)

The Assayer was not the only gift of  the Lynx to the new pope.  Galileo adapted the 
telescope into a new instrument, named a microscope by another member of  the 
Lynx.  ❐  In this poster-sized work, the first publication of  observations made 
with a microscope, Cesi and Stelluti studied the anatomy of  the bee. 
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Because only a handful were printed, the type has bitten deeply into the paper. 
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Along the top of  this extremely rare document are ancient coins depicting bees.
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Four coins in all. ❐ Note the Barbarini crest, and  ❐ the prominence of  the Lynx.  
❐  The text includes classical references to bees as well as new knowledge, 
integrated in a tabular outline. 
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In a work of  the same time, Stelluti published drawings.  Note the Barbarini bees, 
❐ and the name of  their patron, Francesco Barbarini.
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And the Lynx.  
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Here are the bees. 
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Just as Galileo's telescope brought near the distant Moon and stars, so the eyes of  
the Lynx could fathom the secrets of  the small, portraying structures of  the bee 
never seen before.   
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If  anyone wondered why three microscopic bees happened to appear in the same 
arrangement as on the Barbarini crest, well, whoever thought science and 
diplomacy shouldn’t be combined? 
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Dialogo, 1632
Dialogue on the 

Two Chief World Systems

[If  you watch a longer version of  this talk that is available online, I would now 
describe the background to Galileo’s Dialogue on the Two Chief  World Systems, -- 
go to next slide]  

Galileo visited Rome to seek a revocation of  the Copernican censure, and he 
enjoyed at least six visits with Urban.  I have already mentioned that as a Cardinal 
in 1616, Urban had defended Galileo’s Letter to the Grand Duchess Christina.  Yet 
Urban was adamant that one must treat Copernicanism hypothetically, because 
God could have created the universe according to whatever system he wished, even 
a system that had not yet been discovered.   ❐  Accepting this condition, Galileo 
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privately obtained the pope’s permission to write an even-handed treatise.   
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[This is it, the famous Dialogue on the Two Chief  Systems of  the World.  Go to 
slide 175.]  

This is it, the famous Dialogue on the Two Chief  Systems of  the World.  Perhaps 
this will be the next book by Galileo you choose to read!  If  we look closely at the 
frontispiece, 
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Ptolemy
Aristotle

Copernicus

Aristotle and Ptolemy on the left hold an Earth-centered armillary sphere.  ❐ On 
the right, Copernicus, dressed in Catholic garb,  holds a Sun-centered model of  the 
universe. ❐  Just two systems appear in the Dialogue; Galileo nowhere mentioned 
the Tychonic system favored by the Jesuits.
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Galileo was already famous across Europe and didn't have to write in Latin.  He 
wrote this in Italian, and as a dialogue.  It was an immediate best-seller, and 
remains in print today, entertaining and delighting readers both then and now.  The 
book is a literary masterpiece, cast in the form of  a Platonic dialogue between 
three characters:
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--Salviati, named for a close friend of  Galileo’s, defends the Copernican system 
with scientific brilliance and legendary wit.  Master of  both quantitative argument 
and experimental evidence, Salviati always seems ten steps ahead of  anyone else.  
Never at a loss for words, Salviati clearly directs the flow of  conversation. 
--Sagredo, named after another friend of  Galileo’s, represents you or me on our 
best days, an open-minded reader.  As an inquisitive and bright student, he is not 
intimidated by Salviati, but comes up with insightful questions.  Sagredo is the man 
in the middle; he desires neither to discard traditional authorities nor to embrace 
novelties unless there is compelling evidence. 
--And then there is poor Simplicio, named after an ancient Greek commentator on 
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Aristotle, who ineptly defends the Earth-centered system.  Simplicio frequently 
admits that he doesn't understand an argument, and his requests for additional 
explanations provide comic relief  along the way. 
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How did Galileo obtain official permission to publish this book?  Riccardi, the 
Vatican's master of  the sacred page, was at one time personally sympathetic to 
Copernicanism.  But he had a job to do, and that was to enforce the hypothetical 
approach required since Bellarmine and demanded by Urban.  ❐  Galileo met the 
requirement by inserting hypothetical declarations in the preface and conclusion, 
but the dialogue itself  was anything but even-handed.  Prince Cesi was funding the 
printing in Rome, but those arrangements fell through when he died in 1630.  The 
printing was transfered to ❐  Florence, and the book appeared early in 1632. 
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“Galileo and the Battle for the Heavens”

PBS NOVA

On the last day of  the dialogue, Galileo presented a causal, physical proof  of  the 
dual motion of  the Earth based on the tides.  Just as water sloshes around within a 
container that is constantly moved in two different directions, so the tides result 
from the combination of  the Earth’s two motions: 
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Axial rotation

Annual  
revolution

By itself, the axial rotation of  the Earth would cause waters to move regularly from 
east to west, accounting for equatorial ocean currents.   

But this movement can never reach equilibrium, because it is continually 
compounded with the annual motion of  the Earth around the Sun.  
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Urban VIII

Explanation of tides  
only hypothetical...

In the very last exchange of  the Dialogue, Simplicio concludes that Galileo’s theory 
of  the tides is only hypothetical, because God in his omnipotence could have 
produced the tides in some other way, if  he had wanted to. ❐  Urban likewise 
insisted upon this limit to human certainty based on divine omnipotence.  Hostile 
readers within the Vatican concluded that Galileo had written a satire identifying 
the pope with Simplicio.  ❐  And for those who were inclined toward Kepler's 
theory that the tides are caused by an invisible attraction between the Earth, Moon 
and Sun, Galileo's argument didn't “hold water” even on physical grounds.  
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Physics Mathematics

Physical 
Causes

Hypothetical

In any case, Galileo's argument from physical causes was a calculated risk:  because 
Galileo wanted a causal proof of  Copernicanism, he invaded the territory of  the 
physicists in what was supposed to be a mathematical, and therefore hypothetical, 
work. The argument from the tides was physical and causal, as appropriate to a 
physicist, not hypothetical as was expected from a mathematician. 
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The annotion says that this figure of  falling bodies is in error, it is upside down.  
Not even Simplicio would make that mistake, and this printer’s error is corrected in 
the second edition.  This is Galileo's handwriting, in his own copy of  the book.
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[The OU copy of  the Dialogue is Galileo’s own copy, with manuscript annotations 
-- go to next slide.]  

Here is a new sentence by Simplicio to go before a long paragraph by Salviati, 
again written in Galileo's own hand.  It is almost as if  we were in his study, looking 
over Galileo’s shoulder, during the crucial months before his trial. 
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Far from Rome, in Oklahoma today one may now hold the very copy that he held 
in his hands. 

[In the longer talk, we would next discuss Galileo’s trial and then his final book, the 
Discourse on Two New Sciences.  Slide 203]
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Urban VIII (Maffeo Barbarini)
When the Dialogue was published, the Pope was furious.  Galileo had betrayed his 
promise to treat Copernicanism hypothetically, and even worse, the Pope’s favored 
argument from divine omnipotence was put into the mouth of  Simplicio.  Because 
of  the Thirty Years war and various ongoing intrigues, Urban found himself  
vulnerable, both politically and doctrinally, living (it was said) “in fear of  poison.”  
He certainly did not appreciate a gadfly on his home front.  He gave orders for the 
book to be recalled, and summoned Galileo to Rome for trial.  Their long 
friendship was now irretrievably broken.

179



Galilée devant le saint Office au Vatican, 1847
Joseph Nicolas Robert-Fleury

Musée du Louvre, Paris

The trial lasted for several weeks.  Historians debate a multitude of  theories to 
explain what took place behind the scenes, including ❐ Urban's sense of  personal 
betrayal and the withdrawal of  papal support; ❐ controversies related to courtly 
performance and patronage; Galileo's overconfident sense of  personal mission ❐ 
as if  he were destined to convert the Church to Copernicanism; and political 
events related to the Thirty Years war.  He faced concerted maneuvers by ❐ 
Aristotelian physicists like Colombe, ❐ Dominican theologians like Caccini, ❐ 
Jesuit mathematicians like Scheiner and Grassi, and many others who had suffered 
public humiliation at Galileo's hands.   
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 There is no simple explanation, yet the chief  issue at the trial was a legal 
technicality:  Despite having received private papal permission to write the 
Dialogue, and despite receiving two official licenses to print it — both directly 
from the Vatican and also from the censor in Florence — Galileo was accused of  
violating a (the) 1616 injunction not to hold, defend or teach the Copernician 
theory in any way.  This accusation stemmed from a document containing this 
alleged injunction, dating from 1616.  Lost in the Vatican archives until it was 
produced at the trial, this document is quite dubious.  It bore no official signatures, 
and no witnesses.  The entire legal justification for the trial depended upon the 
authenticity of  the injunction, but Galileo produced evidence that it was invalid.  
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The alleged injunction directly contradicted a letter Cardinal Bellarmine had given 
to Galileo at the time.  When Galileo presented the letter from Bellarmine it 
completely undermined the prosecution’s case.
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Despite the legal wranglings over what had happened in 1616, one fact was 
obvious:  Galileo's Dialogue was not the hypothetical treatment required by the 
conference with Bellarmine or demanded by Urban, so the trial could not simply 
be dismissed.  To resolve the impasse, unofficial negotiations instigated by Cardinal 
Francesco Barbarini and the chief  prosecutor resulted in a compromise plea-
bargain where Galileo formally confessed that in writing the Dialogue he was carried 
away by enthusiasm and vainglorious ambition.  The compromise seemed to assure 
Galileo of  leniency, and to leave open the possibility that the Dialogue could be 
corrected instead of  prohibited.  There was never any credible threat of  torture.  
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“...with sincere heart 
and unfeigned faith 
I abjure, curse and 
detest the aforesaid 
errors and heresies.”

But after a month of  waiting the compromise abruptly fell through, for reasons 
historians have not been able to fathom.  Unexpectedly, Galileo was sentenced as 
one “vehemently suspected of  heresy,” which required the humiliating act of  
public abjuration.  Galileo’s condemnation was signed by 7 of  the 10 Inquisitors, 
with Francesco Barbarini (the pope’s nephew) among those abstaining.  The 
sentence was distributed widely, and read aloud to Galileo’s acquaintances in 
Florence.  Men like Caccini and Scheiner finally got their way.  Unlike in 1616, 
when neither Galileo nor his works were implicated, now the Dialogue was 
prohibited.  On June 22nd, 1633, Galileo was led in a penitent’s robe before a 
plenary session of  Cardinals meeting in the Dominican convent of  Minerva. He 
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knelt before them, and recited from the prescribed statement:  ❐  “with sincere 
heart and unfeigned faith I abjure, curse and detest the aforesaid errors and 
heresies....” 
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The sentence of  life imprisonment was quickly commuted to house arrest, and 
Galileo was released to the custody of  the Archbishop of  Siena.  Eventually the 
70-year-old Galileo returned home.  His confinement was humiliating and 
extremely inconvenient, yet he was able to continue his work.  This is Florence 
seen from Arcetri, at the house where Galileo spent his last years.  He was not far 
from the convent of  San Mateo, where his daughter Maria Celeste died the 
following year. 
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This is a courtyard within Galileo's house at Arcetri.  In 1637, glaucoma took 
Galileo’s sight. 
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In 1638 John Milton visited Galileo here, and looked through one of  his 
telescopes. 
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Galileo, 
Discorsi

Leiden, 1638

Under house arrest, Galileo returned to a number of  topics that had long 
interested him.
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This is his masterwork of  physics, the Discourse on Two new sciences.  ❐  Galileo was 
still a Lynx, and still a philosopher or physicist as well as a mathematician.
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It was published in Leiden.  Galileo would never publish in Italy again.
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Two new sciences is also written as a Platonic dialogue, with the same characters as the 
Dialogue of  1632.  But Two New Sciences, the last book of  Galileo’s to be 
published in his lifetime, is not about cosmology. This is a work on the science of  
tensile strength...  
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...and the science of  motion, including the parabolic motion of  projectiles. 
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Galileo did not prove his law of  falling bodies by dropping balls off  the leaning 
tower of  Pisa.  Neither he nor any of  his contemporaries ever claimed that he did 
so.  Moreover, Galileo knew about air resistance, and that the heavier ball would 
indeed land before the lighter one, as Aristotle had said. 
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This is the interior of  the cathedral of  Pisa with the Possenti chandelier.  It used to 
be said that when a lamplighter would pull the chandelier to one side, its 
oscillations prompted Galileo to discover the isochronism of  the pendulum.  
However, this lamp was not hung in the cathedral until 1587, and Galileo did his 
first work on the pendulum six years earlier, in 1581. 
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Galileo's Two New Sciences represents the culmination of  a 300-year old tradition of  
mathematical investigation of  motion, from Jean Buridan and Nicole Oresme in 
the 14th century, to Galileo’s unification of  mathematics and physics in the 17th 
century.
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Oresme’s Mean Speed Theorem, shown here, bears a distinct resemblance to 
Galileo's law of  free fall, and was widely known.  Indeed, the work of  Oresme and 
other 14th century logicians provided a basis for Galileo's boast that it is possible 
to deduce the law of  free fall without recourse to observation. 
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Here is the corresponding page from Galileo's Discorsi.  Alexandre Koyré once 
persuaded many that Galileo did not perform inclined plane experiments at all, 
trusting rather in logic to derive the law of  falling bodies.  But reconstructions by 
Thomas Settle and other historians of  science have established that Galileo did in 
fact marry theory and experiment together to produce a rigorous demonstration.  
Just like your work here for ___________, Galileo’s mathematical physics was a 
rich and fruitful collaboration between theory and experiment. 
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This is the Church of  Santa Croce, in Florence.  

199



When Galileo died on Jan 8, 1642, his will directed that his remains should be 
placed beside those of  his father Vincenzio within this church.
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To avoid attracting too much attention from Rome, Galileo's remains were laid to 
rest in an obscure corner of  an obscure room in this church.  The Grand Duke 
and other Florentine dignitaries did not attend. 
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In 1737, as Florentines began to recognize his fame, he was reburied with much 
ceremony in the mausoleum in the north aisle of  the church, the pantheon of  
Florence. Nearby are tombs of  Machiavelli, Michelangelo, Rossini, and many 
others. 
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In the year Galileo died, Newton was born. 
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Mathematical physics

and Galileo's form of  mathematical physics lives on today. 

[in your work here at Okie-Tex, in your home astronomy clubs, and in your 
educational and research efforts.]
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Online script, reading guide, 
and video: 
search kerrysloft.com for  
“Life and Works of Galileo” 

Print-quality images courtesy 
History of Science Collections, 
University of Oklahoma  

Duane H. D. Roller, OU Galileo 
exhibit catalogue (1980) 

Video clips courtesy PBS, 
NOVA, based on OU images

Thank you

Kerry Magruder 
kmagruder@ou.edu

Thank you very much for inviting me.  The handout, digital images and script used 
in this presentation are accessible online, as shown, as well as Roller’s catalogue of  
Galileo first editions at OU.  The handout describes how to obtain modern 
translations of  each of  Galileo’s works so you can begin to read Galileo for 
yourself. 
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Galileo, Sidereus Nuncius,  
trans. Albert Van Helden

Maurice Finnochiaro,  
The Galileo Affair 

Galileo, Dialogue on the Two 
Chief World Systems,  

trans. Stillman Drake
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Cambridge Companion to 
Galileo (Noel Swerdlow)

Richard Blackwell,  
Galileo, Bellarmine, and the 
Bible

Anthony Fantoli,  
Galileo:  For Copernicanism 
and for the Church
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Dava Sobel,  
Galileo’s Daughter 

Eileen Reeves,  
Painting the Heavens

David Freedberg,  
The Eye of the Lynx
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Euclid top half
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