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Following people like Leonardo, Michelangelo and Raphael, Galileo Galilei (1564-1642), is the last 
of the great Italians to be referred to by his given name. He was born in Pisa, in the Duchy of 
Florence, but when he was five, Florence annexed the adjoining Republic of Siena, and became the 
Duchy of Tuscany. Three years later, his family moved to the city of Florence, which was, with 
Venice, one of the richest trading cities in the country, although its population was only about 70 

000, much smaller than Venice, Padua or Rome. It is known as the birthplace of the Italian 
Renaissance. As a boy Galileo attended a nearby Camaldolese monastery school called Valle 

Ombrosa (shady valley) where the priests taught him the value of education and knowledge – “for 
the glory of God, and the good of men.”   

At the University of Pisa, he began his studies to be a doctor, but soon abandoned medicine and 
became a mathematician, astronomer and physicist. He had serious doubts about the validity of the 
science of Aristotle, and conducted experiments to do with falling bodies and the motions of 
swinging lamps, which proved Aristotle to be often wrong. In connection with the lamps, he was one 
day as a medical student in 1583 kneeling in prayer in the Pisa Cathedral, and noticed that one of 
the lamps was slowly swinging to and fro on its long chain from the high, vaulted roof. He saw that 
the time of each swing, whether it be much or little, remained the same. And how did he find the 
duration of each swing? He timed them by feeling his pulse, and so inadvertently discovered the 
isochronism of the pendulum. He did not realise that this fact could be employed to build a reliable 
clock until his very old age.  
 

During this period, Galileo is supposed to have conducted experiments on gravity from the top of the 
Leaning Tower of Pisa, by dropping weights of different sizes. Aristotle had said, “a body ten times 
heavier than another will fall ten times as fast.” Galileo was the first to question this ancient dictum, 
although the story concerning the Leaning Tower may be apochryphal. He also harboured doubts 
about the geocentric view of cosmology as described by Aristotle and Ptolemy, and the influence of 
Michael Mästlin’s writings gradually brought him to the conclusion that the heliocentric view of 
Copernicus was probably the correct one.  
 

In October 1592, 28-year-old Galileo was appointed to the chair of Mathematics at the University of 
Padua. A town in the Venetian Republic, Padua was 25 miles (40 kilometres) west of the capital city 
of Venice. This University, founded in 1222, was the Oxford and Cambridge of its day, with a 
wonderful reputation. He may have met Giordano Bruno there in 1592. Galileo taught at Padua for 
18 years, in the Auditorium Maximum (the ‘Large Auditorium’) to packed houses. People from all 
over Europe came to listen to his lectures and his audiences included Gustavus Adolphus, the 
crown prince of Sweden, besides representatives of many noble families. He taught how 
mathematical principles could be used for practical applications, such as building bridges, planning 
harbours, fortifying cities and buildings, and constructing artillery.   
 

Galileo proved to be a very successful teacher, and gave practical demonstrations in his classes. 
He showed bones to his students to prove that strong construction could be made by hollow 
materials. This resulted in ‘hollow pipe’ technology, which greatly reduced building costs. He urged 
his students to seek truth in nature by using their own eyes and minds, and not to depend solely on 
ancient revered texts. He showed them how mathematics and experiments could be used to study 
nature. In public life Galileo’s fame was enhanced by the publication of his treatise on military 
fortifications. He also published a book on mechanics based on the lectures he was giving in Padua.  

Though his salary was increased, money was a constant problem, as his father had died in 1591 
and Galileo had to provide for his five brothers and sisters as well as himself. He supplemented his 
income by developing and producing inventions. Two of these were an early kind of thermometer 
and a system for lifting water for irrigation, but these particular devices, though quite ingenious, 
were found to be not practical enough to be successful commercially. In 1595-96 Galileo invented a 
geometrical and military ‘compass’ – a forerunner of the slide rule. It was a kind of all-purpose 
calculating instrument. Initially it found use as a device for gunners who used it for calculating 
elevations when ranging their cannon. It was a great success after Galileo widened its application 
for other uses, including scales showing the relative densities of various metals, lines for calculating 
cube roots and square roots, and other data useful in geometrical applications. He sold the 
instruments cheaply, but charged fees for giving instruction in their use. 
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       Galileo finds that unequal weights fall at the                                  Galileo’s military compass. 
        same speed, if air resistance is ignored.  

 

Galileo was fortunate to observe the supernova of 1604, now called ‘Kepler’s Star’. Like Tycho in 
1572, he found that the new star exhibited no parallax, and realised that it must be located above 
the Moon, thereby clashing with the Aristotelian doctrine of an unchanging heaven.    
 
By 1608 Galileo had become friendly with an intellectual senator in nearby Venice, Paolo Sarpi. 
Sarpi had been a staunch activist for the Venetian Republic in a bitter diplomatic quarrel with the 
Curia in Rome when the pope tried to restrict liberty and exert control over the city in the Venetian 
Interdict of 1606-1607. Interdiction was a common practice of popes in past centuries, in order to 
exert their authority and control over towns, countries and kings, and had been used many times in 
the past to bring recalcitrant communities and their leaders to heel. In fact, during this confrontation, 

Pope Paul V excommunicated all Venetians and tried to have Paolo Sarpi assassinated, but the   

55-year-old Senator recovered from 15 stiletto thrusts and having a dagger embedded in his face.
 .   
Venice banished all Jesuits from its territory and, from then on, jealously guarded its independence 

from Rome, the Church and the Inquisition. The pope was forced to back down and lift the Interdict 
in April 1607, but the episode resulted in public humiliation of the pope and the beginning of the 
decline of the Venetian Republic. It was also the last time a pope ever imposed an Interdict on an 
extended region, although the policy has subsequently been used on small, local scales.  
 
At the time of Galileo’s first important discoveries in the winter of 1609-10, he had been working as 
Professor of Mathematics at the University of Padua for 17 years. He was in his mid-forties and had 
lived in the town with a lady partner, Marina Gamba, for the past ten years. They were not married, 
and had three illegitimate children: Virginia (aged 9 years), Livia (aged 8) and Vincenzo (aged 3)..
   
The year 1609 was a turning point in Galileo’s career, in the development of astronomy, and in the 
history of the world, for three events occurred that year, that changed things forever. Firstly, Kepler’s  
book, Astronomia Nova, was published. By chance, a copy came into Galileo’s hands. He read it 
avidly, and was led into much speculation about the configuration of the universe.  
 
Secondly, Galileo’s friend Paolo Sarpi told him in May 1609 about a rumour circulating in Venice, 
that a Dutch spectacle maker had invented an optical instrument that made distant objects appear 
as if near at hand. The following month, Sarpi delivered the news that a foreign merchant had 
appeared before the Senate, offering (at a substantial price) a crude spyglass for military purposes. 
The Venetians were interested, as they had no defensive wall around their city of canals, but relied 
on their navy to defend them against attack from the sea. If a spyglass could reveal approaching 
enemy ships well before they became visible to the unaided eye, then the city would have more time 
to deploy its own fleet to protect itself.   
 
Sarpi advised the Senate against the purchase. He expected that his friend Galileo, as a local 
professor, could make a better spyglass and reap the financial benefit. 
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Galileo immediately applied his knowledge of optics to the information he gleaned about the Dutch 
spyglass. Within a day he had bought some lenses from a local optician and mounted them in a 
tube of lead. He found that his new spyglass worked, but was not very powerful, magnifying only 
about three times, like the ones from Holland. He knew he could improve on this if he ground and 
polished his own lenses, using the best Venetian glass, which was of first-class clarity and free from 
colour casts, striations and other imperfections. He recognised that an opportunity had been given 
him, in that the power to secure his future depended on the power he could build into his spyglass. 

He bought some parts, and his shopping list for that day still exists: “chick peas, slippers for my son, 
flat glass plates [made from heating and flattening out bottles], artillery ball, organ pipe [for use as a 
lead spyglass tube].” After numerous trials grinding and polishing glass discs (he ground the 
concave lenses on the cannon ball), he found that the key to higher magnification lay in making the 
front objective lens of the spyglass plano-convex, the outside surface having quite a gentle curvature 
(making the focal length long) and the inner surface flat, and the rear eyepiece lens plano-concave, 
the inside surface being flat and the outside one as deeply curved as possible (making the focal 
length short). This system gave a restricted field of view and the magnification was still fairly small, 
but it had the advantage of producing an erect image, making it suitable for terrestrial viewing.  

Within six weeks he had made a nine-power spyglass, good enough to demonstrate to the Senate, 
and Galileo asked Sarpi to organise a trial. On 25 August 1609, Galileo led the Venetian senators to 
the top of the Tower of San Marco to demonstrate the new instrument. They were impressed, being 
able to observe clearly ships so far out at sea that, “coming full sail to port, two hours and more 
were required before they could be seen without my spyglass.” Galileo presented his instrument to 
the city as a gift. The Senate responded by doubling his salary and appointing him Professor of 
Mathematics at the University of Padua for life. Later, Galileo found that the raise did not begin for 
another year, and his teaching load would not be reduced. He felt that he could do better. 

The House of Medici had been founded in the Republic of Florence some 440 years earlier, and had 
become one of the most wealthy, powerful and influential royal dynasties in Europe, producing by 
Galileo’s time four popes. Largely through the benevolence and support of the Medicis, the 
Renaissance had begun and flourished in Florence, before spreading outward through Italy and 
then across Europe. Probably their greatest contribution to the world was their sponsorship of art 
and architecture through their patronage of people of talent and genius, including Brunelleschi, 
Donatello, Fra Angelico, Michelangelo Buonarroti and Leonardo da Vinci.   

Galileo had tutored the teenaged prince Cosimo de’ Medici from 1605 to 1608. Cosimo had then 

married, and on 17 February 1609 his father the Grand Duke Ferdinand I of Tuscany had suddenly 

died. Cosimo ascended to the throne as Grand Duke Cosimo II de’ Medici. As Galileo had been 

born and bred in Tuscany, he was keen to return there, in particular, to the capital of Florence. He 
therefore made another spyglass like the Venetian one, travelled to Florence and gave it to the 
young Grand Duke Cosimo.  

Galileo tactfully suggested that Cosimo might like to offer him a position as court mathematician and 
philosopher. With no onerous teaching duties to distract him (Galileo probably pointed out), all of his 
time could then be spent making new scientific discoveries to the everlasting glory of the Medici 
family. Cosimo said that he’d think it over. Galileo returned to Padua and turned his workshop into a 
spyglass factory. By November 1609 he was making spyglasses with an aperture of about one inch 
(26 mm) and a focal length of around 920 mm, which could magnify twenty times. 

The third world-changing development in late 1609 was Galileo’s inspiration to aim one of his 
spyglasses at the night sky. He turned it to the Moon, and saw at once that it was not the smooth, 
unblemished body postulated by the ancients. It was also not a mirror reflecting the continents and 
seas of Earth, as some early astronomers had theorised. “It is like the face of Earth itself,” wrote 
Galileo enthusiastically, realising that it was another globe like our world. He described it as having 
lofty mountains, ranges, deep valleys, light and dark areas, and great circular depressions. The 
largest mountains cast shadows, and Galileo calculated (from the length of the shadows) that the 
tallest rose four miles (7 kilometres) above the surrounding plains.  

http://toolserver.org/~kolossos/earth.php?long=12.339104&lat=45.434157&name=Tower%20at%20the%20Piazza%20San%20Marco,%20Venice,%20Italy
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Galileo’s first drawings of the Moon, from his book Sidereus Nuncius. 

He looked at the Milky Way, which was widely thought to be a stream of gas or mist. He wrote, “It is 

nothing more than innumerable stars !” thereby revealing its true nature for the first time. He looked 
at Orion’s Belt and Sword with the hope of charting the myriads of faint stars newly revealed in that 
constellation, but later wrote, “There are more than 500 new stars around the old ones, spread over 
a space of one or two degrees, [but I was] overwhelmed by the enormous multitude of stars and put 
off the assault until another occasion.” However, he did carefully chart the stars in the Pleiades (36 
new ones were shown) and the Praesepe cluster (40 more). Galileo also saw that Ptolemy’s group 
of ‘nebulous stars’ marking Orion’s head was actually a cluster of 21 stars, which tells us that his 
927 mm long, 26 mm aperture, 20x spyglass could detect stars down to magnitude 9.5. 

All of these discoveries were overshadowed by another, even greater. Galileo observed Jupiter on  
7 January 1610, and was astounded to find that the planet had three tiny attendants like little stars, 
two on the eastern side and one on the western. The next night he looked again, and the three stars 
were grouped on the western side of Jupiter. On 9 January there were only two, and they were both 
on the eastern side. Galileo watched these little attendants over the next several weeks, drawing 
their positions very carefully. On 13 January, he saw for the first time four little stars attending 
Jupiter. Soon he realised that there was indeed a family of four little attendants, and they were 
circling Jupiter at different speeds and periods. Thinking of his future, he asked Cosimo if he could 
name them the Medicean Stars, in honour of Cosimo’s brother and three sisters, and Cosimo 
agreed. By so honouring the Medici, Galileo knew that they were obliged to offer something in return.  

The existence of these moons demonstrated beyond doubt that not all celestial bodies revolved 
around the Earth, thereby fundamentally contradicting Ptolemy’s theory. The discovery revealed the 
truth of the Copernican theory, for another planet was circled by four moons of its own. Galileo 
watched the orbiting moons for two months, while hurriedly writing a short book, Sidereus Nuncius 
(The Starry Messenger),  in which he would announce his discoveries to the world.  
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Left: a page from Galileo’s notebook, recording the discovery of the moons of Jupiter – note his name at the 

top left.  Right: Galileo’s handwritten copy of observations of the moons as recorded by Jesuit astronomers of 
the Collegio Romano (including their names – Clavius’ name is at the top right and bottom left corners). 

 

The book was published in March 1610, only a matter of days after his last observation of Jupiter as 
recorded there. In Sidereus Nuncius, he discreetly suggested that these four moons may possibly 
support the heliocentric model of Copernicus. At the time, January 1610, Mercury, Venus and Mars 
were morning objects within 45⁰ of the Sun, and Saturn was an evening object only 24⁰ from the 

Sun. All were less than 27⁰ above the southern horizon at culmination. Venus was approaching 

superior conjunction, and its small angular size of 11 arcseconds meant that Galileo did not notice 
its phase effect of about 87% through what he called his ‘occhiale’ or ‘eyeglass’, plural ‘occhiali’. 
(The word ‘Perspicillum’ or perspective glass was used in his book to refer to each single lens. The 
plural form is ‘perspicilli’.) 

Galileo dedicated his book to Grand Duke Cosimo, and sent him a copy, accompanied by the actual 
spyglass that had made the discoveries. All of this calculated sycophancy to the Medici family paid 
off – Cosimo, under the tradition of noblesse oblige, responded precisely as Galileo had hoped.    
He named Galileo official mathematician and philosopher to the Tuscan Court, with a substantial 
salary. The Duke also appointed Galileo chief mathematician to the nearby University of Pisa, but 
permanently excused him from any duties there if he did not wish to perform them. 

It is impossible to exaggerate the impact Sidereus Nuncius had on the world. Although only a small 
book, it was written in Latin so that scholars all around the world could read it. Within six months of 
its appearance, it was reprinted in Frankfurt, Germany, and soon after in many other countries. 
Within five years it had been published in Chinese in Peking. Until its appearance, all planetary 
science was concerned only with the positions of the planets against the starry background. From 
now on, the true nature of the planets themselves would be the main subject of scrutiny. 
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When Galileo announced that he was leaving Padua and taking up a position with the Tuscan 
Court, the Venetian authorities were most upset. Less than a year had elapsed since he had 
ceremoniously presented his spyglass to the Doge (the head-of-state in Venice, the leader of the 
Senate), and in return he had been confirmed for life in his professorship at Padua with his salary 
doubled. It had been the Venetian Republic that had welcomed him to Padua eighteen years before 
and had supported him in a distinguished and honoured position ever since. His decision to leave 
was accordingly looked upon as an act of self-serving ingratitude. Yet Galileo had never seen any 
possibility of achieving his ultimate goals under such authorities, as any support they might offer 
would always have strings attached (such as teaching duties). He wished to be free of any such 
ties, able to pursue his experiments and investigations without any official impedimenta. He thought 
that such a career was only possible under the sponsorship of an absolute ruler, and in fact that is 

what he had successfully extracted from Grand Duke Cosimo II.  

 
In September 1610, Galileo left Padua and moved to Florence, never setting foot in either Padua or 
Venice again. He left Marina behind with 4-year-old Vincenzo. Galileo took his two daughters and in 
August 1613 placed them in a convent at Arcetri, outside Florence, as, being illegitimate, they could 
never marry and their only future was as nuns. Livia took the name Sister Arcangela, but Virginia 
took the name Sister Maria Celeste to commemorate her father’s love of the heavens. Marina 
married Giovanni Bartoluzzi in 1614, and Galileo maintained cordial relations with them both until 
her death in 1619. Later, he managed to have Vincenzo legitimised by the Grand Duke.   

 
Galileo’s loyal friend of many years, Giovan Francesco Sagredo, had been away from Venice when 
Galileo announced his departure for Florence. When he returned a year after Galileo had left, he 
was very concerned, and wrote anxiously to Galileo, to warn him of possible trouble. He said that 
since the Venetian Interdict of 1606-1607, the Republic of Venice with its freedom of thought and 
proud independence from Rome was a much safer place for a nonconformist like Galileo, as it did 
not feel the need to comply with any dictates of the pope or the Inquisition. On the other hand, 
Tuscany, though autonomous, was strongly Catholic, and Cosimo’s mother the Grand Duchess 
Christina was a devout supporter of the faith, and reputed to object to anything which clashed with 
holy writ. Knowing of Galileo’s pugnacious approach to any who might question his work or argue 
against his ideas, Sagredo heard alarm bells ringing and said so, but Galileo had already established 
himself in the Tuscan Court in Florence, ‘stepping from the frying pan into the fire’. It is probably true 
that if Galileo had remained in Padua, then the Venetians would never have allowed him to fall into 
the hands of the Inquisition. His work as a scientist would have been much more congenial.  
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In 1610 Kepler heard and read about Galileo’s discoveries with the spyglass, and realised that they 
were in accord with much of what he had deduced through the application of mathematical analysis 
to Tycho’s database of planetary observations. Although they had not been in contact for many 
years, Kepler quickly sent a long letter of support which Galileo published as Dissertatio cum 
Nuncio Sidereo (Dissertation with the Starry Messenger). Galileo gave a spyglass to the Duke 
of Bavaria, and Kepler borrowed it to study Jupiter’s newly-discovered moons, despite his poor 
eyesight. He soon worked out a way to improve the instrument, by making the eyepiece convex like 
the objective, although this inverted the image. He published his observations of these moons under 
the title Narratio de Observatis Quatuor Jovis Satellitibus (Narration about Observations of 
Four Satellites of Jupiter). It was in this book that Kepler suggested the term satellites for the 
Medicean Stars, from the Latin ‘satelles’ meaning ‘attendant’ or ‘companion’.   
 
Kepler’s letters and tracts were an enormous support to Galileo, whose discoveries were doubted or 
denied by many (usually because they used poor quality off-the-shelf spyglasses in trying to confirm 
them), and were quickly reprinted in Florence. Although his spyglass observations continued to 
disclose new sky wonders which often seemed to agree with Kepler’s theories, Galileo let the 
correspondence lapse. Also, his life was starting to become more complicated.  
     

Galileo continued to develop his spyglasses by increasing the objective’s focal 
length to around 1200 mm, and soon was able to achieve magnifications of 30 
times. He liked to say that his instruments made objects 1000 times larger, but   
he was referring to the increase in area, not linear magnification as is today’s 
convention. It seems that his best 20x spyglass was the one he preferred. He 
reported in a letter, dated 30 December 1610, to a friend that   “I dare not affirm 
that I was able to observe the phases of Mars; nevertheless, if I am not mistaken, 
I believe that I have seen that it is not perfectly round.” (Mars had a diameter of 
only 11 arcseconds and a phase of 90% on that date. It is probable that Galileo 
had been observing Mars for the previous four months, as it had passed through 

a relatively favourable opposition on 19 October. At that time it had attained a maximum angular 
diameter of 21 arcseconds, but had only a moderate altitude of 52º at culmination). By this time, the 
phases of Venus had also become apparent as it approached inferior conjunction as an ‘evening 
star’ in February 1611, providing positive proof that it orbited the Sun as Copernicus had claimed. 
  
Although 500 copies of Sidereus Nuncius had been printed in Venice, they sold out at once, Galileo 
himself receiving only ten of the thirty he had wanted. After a week or so copies reached Rome, and 
one came into the hands of astronomers at the Collegio Romano. This institution was a small but 
important part of the Jesuit educational network, associated with the Gregorian University and 

headed at this time by Cardinal Roberto Bellarmino. Chief among the astronomers there was the 
top Jesuit mathematician Father Christoph Clavius, who, like Bellarmino, supported the Ptolemaic 
system, but who had entertained some niggling doubts about it since 1581. They all enthusiastically 
read the book and one of their number, Father Giovan Paolo Lembo, told them that he also had 
heard of the Dutch spyglasses and had made one of his own before hearing of Galileo’s work. As a 
group they turned his instrument to the heavens, finding it low-powered and toy-like, but they saw 
enough to realise its potential, and encouraged Lembo to try to build a better one. Clavius wrote to 

Galileo, explaining that they had been unable to see the moons of Jupiter, and Galileo responded 
with some advice on the subtleties of spyglass construction, the need to place the eye exactly on 
the optical axis at the focal plane, and the necessity of having a sturdy mounting to hold the 
spyglass free from vibration. This was the start of regular correspondence between the two men, 
which lasted until Clavius’ death on 6 February 1612.  
 
Clavius passed the tips on to Lembo, who was soon able to demonstrate a spyglass with which they 
could vaguely discern the moons of Jupiter, but the clarity was so poor that Clavius expressed the 
opinion that the extra lights around Jupiter might only be internal reflections in the lenses caused by 
the bright planet. Lembo continued to improve his instruments, and within a month or so he had a 
spyglass that was able to convince the Collegio Romano astronomers, even Clavius, that all of 
Galileo’s discoveries were real. As a group, they fully corroborated Galileo’s observations. Bound as 
they were to their Aristotelean belief in an unchanging cosmos and a geocentric cosmology, 
nevertheless they could not deny the evidence of their own eyes. These humble beginnings would 
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eventually lead to the creation of L’Osservatorio Astronomico del Collegio Romano (The 
Astronomical Observatory of the Roman College) in the 18th century and later the Specola 
Vaticana (Vatican Observatory) in the 19th. Meanwhile, Galileo’s discoveries continued apace – 
sunspots, the unusual appearance of Saturn with two appendages (he described it as three globes 
touching each other, the middle one three times larger than the other two – the rings were about 
half-open), the first double star (Mizar), and the first multiple star (the Trapezium).   
 

Clavius sent word of their success to Galileo, and he was pleased to hear that they had followed his 
lead so quickly. Clavius invited him to Rome to meet with himself and the other astronomers to 
describe his latest revelations. Galileo thought that he had better do this to reinforce his claims of 
priority, so, disregarding a letter from Paolo Sarpi warning him against publicising his controversial 
views in the lair of the Inquisition itself, headed south in March 1611. He had been to the Eternal 
City before, in 1587, when as a 23-year-old he had discussed geometry and mathematics with the 
venerable Clavius. Galileo had also extensively used Clavius’ Commentary on ‘De Sphæra’ of 
Sacrobosco (commonly known as Clavius’ De Sphæra) as a textbook in his early teaching years. 
 

On this new visit to Rome, Clavius talked for long hours with Galileo about his work, and set up a 
meeting for him with the astronomers of the Collegio Romano. Galileo was told that they had for the 
past ten months been using Lembo’s improved spyglasses to study the heavens systematically. 
Some of them, especially Father Odo van Maelcote, had been looking at the moons of Jupiter on 
every clear night since 28 November 1610, and had built up such an impressive record of 
observations that Galileo made his own handwritten copies of them, to give him more data to use in 
computing the moons’ orbits. Van Maelcote, a former student of Clavius who now held the Chair of 
Mathematics at the Collegio Romano, gave an enthusiastic and supportive lecture describing 
Galileo’s discoveries. As a group, the astronomers looked through his spyglass and warmly 
congratulated him. They conferred upon Galileo an honorary degree from the Gregorian University, 
but, although they endorsed his work, as Jesuits they felt that they should just accept the 
discoveries for what they were, and not attempt to explain them, as the phenomena were located in 
the heavens – surely the province of theologians, not mathematicians. Nonetheless, some Jesuits 
who had observed with spyglasses began to teach Copernican cosmology alongside that of Ptolemy. 
 
Clavius had recently completed his sixth update of De Sphæra, which was already at the publisher 
as the third volume of his five-volume collected works, the Opera Mathematica (Mathematical 
Work). After Galileo’s visit, he managed to have a new section inserted into the De Sphæra volume, 
describing Galileo’s discoveries. Clavius also included a statement that indicated that he had come 
to believe that his life’s work teaching geocentric astronomy had been ‘barking up the wrong tree’.   
He wrote: 

  

“But on this matter, see the little book by Galileo Galilei, printed in Venice in 1610 and titled 
Sidereus Nuncius, describing the various observations of the stars he had first made. One 
of the most important things seen with this instrument is that Venus receives its light from 
the Sun just as the Moon does, so that sometimes it appears to be more like a crescent, 
sometimes less, according to its distance from the Sun. In Rome I have observed these 
things in the presence of others more than once. Saturn has joined to it two smaller stars, 
one to the east and the other to the west. Lastly, Jupiter has four roving stars, which vary 
their places in a remarkable way among themselves and with respect to Jupiter, as Galileo 
diligently and carefully describes. Therefore, astronomers must consider how the celestial 
orbs may be arranged in order to save these phenomena.”  

 

Though Clavius had opposed the heliocentric theory for religious and philosophical reasons as well 
as what was then regarded as common sense, a Jesuit astronomer, Christoph Scheiner, confirmed 
that the old gentleman had arrived at the conclusion that the Ptolemaic system in the form he had 
taught for a lifetime was no longer tenable, and was now advising astronomers to seek another 
system of the heavens to account for new discoveries. We know that Clavius thought that the 
homocentric spheres theory of Fracastorius was indefensible and said so. Whether he was now 
recommending switching to the little-known Tychonic system or the Copernican is unclear, as both 
could explain the phases of Venus and accommodate the moons of Jupiter. From his quote above, 
perhaps he was beginning to consider a Sun-centred universe. We would have known for sure had 
not serious illness laid him low in mid-1611, leading to his death eight months later.  
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One of the people present when Galileo visited the Collegio Romano in 1611 was the Marquis of 
Monticelli, a wealthy young Roman named Prince Federico Cesi. He had distinguished himself at 
the age of eighteen in 1603 by founding the world’s first scientific society, the Accademia dei 
Lincei (literally: Academy of the Lynx-eyed or Lincean Academy). International from the outset 
by including the eccentric Dutch physician Jan van Heeck as one of its four charter members, it was 
set up to provide a multi-disciplinary forum, free from university or church control or prejudice. Its 
charter stated, “The Lincean Academy desires as its members philosophers who 
are eager for real knowledge and will give themselves to the study of nature, 
especially mathematics. At the same time it will not neglect the ornaments of 
elegant literature and philology which, like graceful garments, adorn the whole 
body of science.” Cesi had chosen the sharp-eyed Lynx (right, a wild cat which 
can see in the dark) as the Academy’s emblem or totem, to emphasise the 
importance to be placed on accurate observations and descriptions of nature.  
All correspondence between members had to be conducted using a secret code 
known only to them; it was not deciphered until the 19th century.  
 

[ In 1847 the Academy was rejuvenated as the Pontificia accademia dei Nuovi Lincei (Pontifical 
Academy of New Lynxes) and again in 1874 as the Accademia Nazionale Reale dei Lincei 
(Royal National Lincean Academy). Today, membership is capped at 360 Italians and 180 

foreigners. Recent foreign members have included Louis Pasteur, Max Planck and Albert Einstein.]  

 
On 14 April 1611, a few days after Galileo had been fêted by the Collegio Romano, Cesi’s Lincean 
Academy held a banquet in his honour in Rome. He brought his spyglass along and thrilled the five 
members and their many guests by letting them see sunspots in the afternoon. To prove that what it 
revealed was genuine, he aimed his instrument at the papal palace of San Giovanni in Laterano 
over a mile away. The guests were amazed to read clearly the inscription on the building’s façade. 
After dinner, they observed Jupiter with its four satellites and the star clusters of the Milky Way. (The 
Moon was only a very fine crescent close to the Sun, Mars was too near conjunction to view clearly, 
and Venus and Saturn were in the pre-dawn sky.) They observed until late, discussing excitedly the 

novel views. Galileo removed the two lenses, explained how they worked, and then reassembled his 

spyglass and presented it to the Academy. He agreed to become the sixth member of their august 
group, regarding it as a great honour. Thereafter, he proudly signed his name, ‘Galileo Galilei, Linceo’.   
 

The host, Prince Federico, announced that the Academy would be honoured to be Galileo’s publisher 
from then on. He also said that one of the other men at the dinner, Giovanni Demisiani (a chemist, 
theologian and mathematician to Cardinal Ferdinand Gonzaga), had devised a better name for 
Galileo’s ‘occhiale’, one that more aptly conveyed the instrument’s amazing capabilities, and set it 
apart from its crude, low-power cousins. The name, Cesi explained, was a melding of two words in 

Demisiani’s native Greek: τήλε (tele), meaning ‘far away’, and σκοπέω (skopéin), meaning ‘to see’. 

Henceforth, Galileo’s instrument would be known in Italy as a telescopio, and to us as a telescope. 
It would reveal astrology to be totally fraudulent, and would elevate astronomy to the purest science.  
 
Despite the powerful support of progressive clerics and scholars, the growing interest in the 
heliocentric world view promoted by Galileo’s Sidereus Nuncius and Kepler’s Astronomia Nova 
began to generate unease in the conservative quarters of the Catholic church. For the past century 
its authority had been under attack by reformers such as Luther and Calvin, and a Counter-
Reformation had been put in hand by the Council of Trent. Ecclesiastical opposition to any form of 
independent thought was growing, and as the concept of a moving Earth became more widely 
discussed, the attacks upon it and its promoters increased in number and intensity.  
 
Shortly after Galileo’s return to Florence after his triumphant visit to Rome in 1611, he found himself 
in collision with the followers of Aristotle, over the behaviour of bodies placed in water. His chief 
adversary was Lodovico delle Colombe, a year younger than Galileo, and described by 
contemporaries as a “large, humourless, unpleasant astronomer and mathematician, critical, 
satirical and caustic to a fault.” Colombe saw himself as one of the Peripatetic school, and took upon 
himself the rôle of Aristotle’s defender in Florence. His name is not associated with the universities 
of Florence or Pisa, so he must have been a layperson. He wrote books, but the title pages reveal 
no professional qualifications, activity or involvement. He had previously written to Father Clavius in 
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a futile attempt to discredit Galileo at the Collegio Romano. He was the leader of a small group of 
supporters, who in private referred to themselves as ‘the League’. They had Galileo in their sights. 

As Cosimo’s teacher, Galileo had instilled in the teenager a love of learning and inquiry. Now, as the 

Grand Duke Cosimo II, it became his custom to often invite scholars to dinner, so that he might 

keep abreast of current topics of interest and new ideas. During September 1611, it happened that 
two cardinals were visiting Florence, and both were present at one of these dinners, as was Galileo. 
The subject of floating bodies came under discussion, and Galileo supported Archimedes against 

Aristotle. Cardinal Maffeo Barberini (later Pope Urban VIII) took Galileo’s side, while Cardinal 

Ferdinand Gonzaga joined with his opponents. The interest generated in the arguments moved the 
Grand Duke to ask Galileo to publish his views, a task which occupied the next four months.  
 

Early in 1612 Galileo presented to the world his Discourse on Floating Bodies, which demolished 
so thoroughly Aristotle’s principles of physics that it could not be ignored by his supporters, 
particularly as it was written in Italian rather than Latin, and could be read and understood by 
anyone. Colombe in particular was incensed, and stirred up his League into a nasty, malicious band 
of Aristoteleans who quickly grasped every opportunity to attack Galileo. They plotted to cause him 
trouble over the motion of the Earth, or anything else that would serve the purpose. Galileo’s friends 
and supporters, who had taken to calling themselves ‘Galileists’, held Colombe’s group up to 
ridicule, calling it the ‘Pigeon League’ (Colomba in Italian means pigeon or dove in English; 
colombe is the female form of the word) and its members ‘colombi’ or ‘pigeons’, but it became 

powerful enough to eventually bring Galileo much grief.   
 

About this time, early in 1612, Galileo became embroiled in a vitriolic 
imbroglio with a German Jesuit, Father Christoph Scheiner (1573-
1650, left), who claimed to have discovered sunspots before him. 
(Actually, that honour now appears to be held by Johann Fabricius 
of Wittenberg, who published a book on the topic in July 1611 that 
appears to have escaped the attention of both Scheiner and Galileo.) 
Scheiner was an intelligent scholar and astronomer who taught 
Hebrew and mathematics at the University of Ingolstadt. He also 
dabbled in mechanics, and invented the pantograph. Warned by his 
superiors not to write under his own name unless he bring disgrace 

and derision upon himself and the Jesuit order, Scheiner wrote under the awkward nom-de-plume, 
‘Apelles lateens post tabulam (the author, hiding behind a board [ before revealing himself ] )’.  
 

‘Apelles’ set forth his observations and theories concerning sunspots in the form of several letters 
sent to Marcus Welser, a wealthy merchant of Augsburg. Welser, a good friend of the Jesuits, was 
an amateur scientist and, like Galileo, an enthusiastic member of the Accademia dei Lincei. Welser 
promptly published Scheiner’s letters and sent copies to Galileo (with whom he had previously 
corresponded concerning lunar mountains and other matters), asking for his expert opinion. 
‘Apelles’ had made some claims that Galileo could not resist attacking. For instance, Scheiner, 
bound by his theological belief that the Sun was a perfect, unblemished heavenly body, proposed 
that the spots were a number of tiny planets orbiting the Earth and regularly crossing the solar disc. 
Galileo mathematically demolished this idea in return correspondence to Welser. He knew that 
Welser would pass his letter on to ‘Apelles’, so wrote the reply in Italian, which Welser could read 
but ‘Apelles’ would have to get translated. Scheiner and Galileo did not correspond directly, only 
through Welser as go-between, and at this stage Galileo did not know who ‘the masked Apelles’ was.
  
After reading Galileo’s response, ‘Apelles’ fought back in a letter to Welser entitled A More Accurate 
Discussion of Sunspots and the Stars Which Move Around Jupiter. This extension of the debate to 
include the satellites of Jupiter was devised to draw Galileo into describing and promoting the 
heliocentric theory of Copernicus, so it seems that ‘Apelles’ set this episode up as a trap to ensnare 
Galileo – the bait was too tempting, and he took it. After he had written three letters to Welser, 
Galileo decided to put them on the public record. He sent copies to Federico Cesi in Rome for 
publication under the auspices of the Lincean Academy in March 1613 as the History and 
Demonstrations Concerning Sunspots and their Phenomena in Three Letters written to the 
illustrious Mr Marco Welser Linceo by Mr Galileo Galilei Linceo, usually known as the Letters 
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on Sunspots (see at right). In these three letters answering the claims of 
‘the masked Apelles’, we find Galileo expounding and endorsing the 
Copernican theory in print for the first time, a move that he later came to 
regret. The letters contained many drawings of the solar disc to the same 
scale, showing that the sunspots could not be planets as they were of 
various ill-defined shapes which changed day by day. The book was 
bound so that, if the pages were flipped rapidly, the drawings made a 
moving picture that showed the evolving aspects of the spots, and also 
revealed the Sun’s monthly rotation.  
  

In July 1610, Galileo had noted that Saturn had the appearance of three 
globes almost touching each other and aligned with the ecliptic, the 
central one being three times larger than the other two. As this aspect did 
not seem to change from week to week, he did not bother to observe 
Saturn for the next two years. Just before the publication of the Letters on 
Sunspots, he chanced to observe Saturn again – the smaller globes had 
gone, leaving only the central one. He felt that this was important, so included the fact in the last 
pages of his Letters on Sunspots book, referring to his earlier observations and writing, “Has Saturn 
devoured his children?” Yet he also predicted that, by the end of 1614, the attendant globes would 
reappear. [ Saturn’s Rings were edge-on in mid-February 1613, when Saturn was only 21⁰ east of 

the Sun. They would have been well-open in July 1610 and again in December 1614 as Galileo 
predicted, but his telescope was not powerful enough to reveal their true nature. ]   
 

With the publication of the Letters on Sunspots, the period of Galileo’s most famed discoveries drew 
to a close, to be succeeded by one in which his even more famous opinions became the subject of 
violent and widespread controversy. Ostensibly this battle was waged over the Copernican system; 
in reality it was fought over the right of a scientist to teach and defend his scientific beliefs. The real 
issue was perfectly clear to Galileo at all times, as it was to some of the theologians who were soon 
to decide the contest against him. But by those of his avowed enemies in the church who were less 
educated, it seems never to have been understood at all. To their minds, Galileo was attacking the 
church; in his own mind he was trying to protect it from making foolish errors. Whereas Galileo felt 
nothing but contempt toward his adversaries in science, to his religious opponents he showed rage 
and indignation. Ignorant men were powerless to injure science, but they could seriously damage 
the church. In order to prevent such a calamity, Galileo undertook a struggle which involved him in 
grave personal danger, while his church-based enemies acted not only in complete safety, but had 
a prospect of gaining approbation and even advancement from their superiors. On 1 December 
1612, Galileo had written that his discoveries “harmonise admirably with the great Copernican 
system, to the universal revelation of which doctrine, propitious breezes are now seen to be directed 
towards us, leaving little fear of clouds or crosswinds.”  Little did he know what troubles lay ahead.  
 

Although Galileo always referred to the Jovian moons as Jupiter I, Jupiter II, Jupiter III and Jupiter 

IV, in 1614 the German astronomer Simon Mayr (Marius) (1573-1624) published a book Mundus 

Jovialis (The World of Jupiter), in which he claimed to have discovered the four satellites over a 
week before Galileo. The two men had a history between them as, many years before, Galileo had 
forced Mayr to leave Padua. Although Mayr’s claim was possibly true, Galileo responded that he did 
not believe it, and, in any case, Mayr lived in the Lutheran city of Ansbach which had not yet 
adopted the Gregorian calendar, and was therefore ten days behind Catholic Padua. Mayr called 
the Jovian moons ‘the Brandenburg stars’ after his own patron, and, following a suggestion from 
Kepler, gave them the individual names of Io, Europa, Callisto and Ganymede.  
 

 

 [ These names did not come into official use until the 20th century, after Edward E. Barnard had 

discovered Jupiter V in 1892. At that time, the French astronomer Nicolas Camille Flammarion 

suggested naming the new satellite Amalthea, in line with a system of nomenclature suggested by 
John Herschel for naming the satellites of the other planets. In the 20th century, the International 
Astronomical Union (IAU, founded in 1919) ratified Herschel’s and Mayr’s names for planetary 
satellites, and subsequent discoveries were named in like manner.]    
 

Mayr had worked with Tycho Brahe in Prague for four months in 1601, and was the first European to 

observe the Andromeda Galaxy, which he saw with his new ‘Perspicilli Belgici’ (Belgian lenses).  
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Benedetto Castelli (1578-1643), a Benedictine abbot, was probably the greatest of Galileo’s 
scientific pupils. Using Galileo’s experimental approach to study the measurement and control of 
running water, he may be said to be the father of hydrodynamics. Three great men of Italian 
science, Evangelista Torricelli, Bonaventura Cavalieri and Giovanni Borelli were Castelli’s pupils. 

Castelli had been a scientific guest dining at Cosimo II’s palace on the morning of 11 December 

1613, and the Grand Duke had asked him if he had a telescope. Castelli replied in the affirmative, 
and described his observations of the Jovian moons. Another guest, Cosimo Boscaglia, claimed 
that the motion of the Earth could not be true, as the Bible said otherwise in 1 Chronicles, 16:30; 
Psalm 93:1; Psalm 96:10; Psalm 104:5 and Ecclesiastes 1:5 (see page 28).  

Cosimo II’s mother, the Grand Duchess Christina of Lorraine and Tuscany (below), had then begun 

to question Castelli about how the heliocentric theory seemed to be in direct violation with the 
Bible’s story in Joshua 10:12-14. Though he “answered like a theologian” and thought that he had 
persuaded her that there need be no discord between the theory of Copernicus and the holy 
scriptures, he soon found out that she had not been convinced at all, and strongly objected to 
people discussing the heliocentric theory with her adult son in his court. Two 
days later, a worried Castelli wrote anxiously to Galileo reporting the incident. 

In his reply of early 1614, which is known as the Letter to Castelli, Galileo 
tried to explain that the Copernican theory and the Book of Joshua need not 
be mutually exclusive, for the Bible was an authority on faith and morals, not 
on science. As the court astronomer and mathematician, Galileo thought that 
he should also write a letter to the 48-year-old Grand Duchess (about his 
own age), and try to win her over by the application of simple logic and 
common sense, and demonstrate to her that the heliocentric universe did not 
necessarily conflict with the holy scriptures in general, nor Joshua 10:12-14 
in particular. Rather than act impetuously, he took his letter to Castelli as a starting point, revising, 
elaborating and working on his response for over a year, polishing it and enlarging it despite 
ongoing trouble being generated by Colombe and his cohorts. Eventually he completed a 
handwritten copy of it in June 1615 as the Letter to Madame Christina of Lorraine, Grand 
Duchess of Tuscany, Concerning the Use of Biblical Quotations in Matters of Science.  

Now usually known as the Letter to the Grand Duchess Christina, it is Galileo’s most carefully 
considered expression of his opinions on the proper relationship between science and religion. It 
was never intended to be merely a private communication between himself and the Duchess, but 
was aimed at explaining the reasons behind his opinions to his friends and supporters. In this letter 
was a very direct paragraph in which Galileo bravely ‘crossed the Rubicon’. He wrote, “I hold that 
the Sun is located at the centre of the revolutions of the heavenly orbs and does not change place, 
and that the Earth rotates on itself and moves around it. Moreover ... I confirm this view not only by 
refuting Ptolemy’s and Aristotle’s arguments, but also by producing many for the other side, 
especially some pertaining to physical effects whose causes perhaps cannot be determined in any 
other way, and other astronomical discoveries. These discoveries clearly disprove the Ptolemaic 
system, and they agree admirably with this other position and confirm it.” He was referring here to 
the moons circling around Jupiter, together with the phase effects and changes in angular size 
observed with regard to Venus and Mars, saying that they were indisputable proof that the 
Copernican theory was not just a mathematical calculating tool, but a physical reality.   
 
Galileo knew that the Pigeon League had approached a local priest in 1612 and asked him to 
denounce Galileo’s views from his pulpit, but the priest was a man of integrity and refused point-
blank. The Pigeons had then looked around for another stooge to do their dirty work, and in 1613 
one of their members, seventy-year-old Father Niccolò Lorini, had written to the Roman Inquisition 
saying that Galileo and his followers were attempting to reinterpret the Bible (which was prohibited 
by the Council of Trent), and their beliefs looked dangerously like Protestantism. So far there had 
been no response from Rome, which had known about Galileo’s activities, discoveries and opinions 
since his visit to the Collegio Romano in 1611, after which he had been granted an audience with 

Pope Paul V. In the four years since that inspiring visit, Galileo had become increasingly aware that 

the Inquisition, adept in methods of clandestine surveillance, was probably watching his every move 

http://toolserver.org/~kolossos/earth.php?long=11.250107&lat=43.765455&name=Grand%20Duke%20Cosimo's%20Palazzo%20Pitti,%20Florence,%20Tuscany,%20Italy
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very closely. Fearing that his Letter to the Grand Duchess Christina might fall into their hands which 
would undoubtedly lead to major trouble for himself, Galileo prohibited the publication of his Letter, 
but some handwritten copies soon found their way into circulation. Italian and Latin versions were 
eventually printed in Strasbourg on the border of France and Germany twenty years later, in 1636.  

Galileo had thought that all he needed to do was to show through his telescopic observations that 
Copernicus was probably right and everyone would listen carefully and weigh up the indisputable 
evidence for themselves. That was his first mistake – the mistake of being naïve about people’s 
motives which scientists make all the time. He also thought that his reputation had become large 
enough for him to be able to move to Florence in his native Tuscany, leaving the dreary teaching at 
Padua which had become a burden to him, and abandoning the protection of the essentially 
anticlerical, safe Republic of Venice. That was his second and, in the end, fatal mistake. 

Although Galileo had been a devout Catholic all his life, and 
had the previous year placed his two daughters in the San 
Matteo convent in nearby Arcetri, the Pigeons orchestrated a 
church attack on him in late 1614. They used a priest who was 
one of their number, a hot-head Dominican Father Tommaso 
Caccini (1574-1648), who preached a vitriolic sermon on      
21 December at the Basilica of Santa Maria Novella in 
Florence (right), near where Galileo now lived. Caccini used 
the Book of Joshua, Chapter 10 as his weapon of choice. 

If there is a villain in the life of Galileo, it is undoubtedly the malicious Caccini. He denounced 
mathematics and science as being contrary to the word of the Bible, and therefore heretical. He 
singled out Galileo and his followers for particularly scathing treatment, and is supposed to have 
also quoted a Biblical text (Acts 1:11) which, in its Latin version, offered the possibility of a devious 
and cunning translation: “Ye men of Galilee (Galileo), why stand ye gazing up into heaven?” If this is 
true, then the selection of that text is the only half-smart thing Caccini is reported to have ever done 
in his life. His attack was so vicious and nasty that his brother Matteo immediately wrote to Galileo, 
apologising for his brother’s “dreadful words” and saying “I wash my hands of him forever and ever.”  

In response, Galileo himself described Tommaso Caccini as an individual “of very great ignorance, 
with a mind full of venom and devoid of charity.” The whole affair was very controversial, with 
Caccini receiving both support and condemnation from his fellow clerics. The preacher general of 
the Dominican Order wrote to Galileo a month after Caccini’s sermon, apologising on behalf of the 
Order, and lamenting that he “had to answer for all the idiocies that his fellow Brothers perpetrated.” 

Galileo continued to defend Copernicanism, and claimed it was not contrary to the Bible’s teachings. 
He said that the statement in Joshua 10:13 that “the Sun stood still in the midst of heaven” agreed 
completely with Copernicus. He quoted Saint Augustine’s injunction concerning the interpretation of 
Scripture: not to take every passage literally, particularly when the passage of scripture in question 
was from a book of poetry or songs (such as the Psalms), not a book of instruction or history (such 
as Exodus). The writers of the Scriptures wrote from the perspective of the ancient terrestrial world, 
and from that vantage point the Earth seems to be solid and unmoving, and the Sun does rise and 
set. Galileo liked to quote the late Vatican librarian Cardinal Cesare Baronio, who had said: “The 
Holy Ghost and the Bible tell us how to go to Heaven, not how the Heavens go.” 

By this time, the Church’s increasing anxiety at the ongoing appearance of books promoting the idea 
of a moving Earth had quickened to alarm, so a special commission was set up by the Holy Office to 
consider Copernicus and the case for a Sun-centred universe. Caccini’s sermon had attracted 
attention even in Rome, and he was invited to appear before the commissioners there. He used his 
opposition to Galileo as a vehicle to achieve his ambitious professional ends. (Gradually his career 
progressed in Rome, and he eventually became the Master and Bachelor of the Santa Maria Sopra 
Minerva convent.) To ingratiate himself with his superiors, in front of several high-ranking Church 
officials, Caccini testified regarding his knowledge of Galileo. He stated that, following his sermon, 
he had reported to the Father Inquisitor in Florence that Galileo’s supporters should be disciplined 
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for their “petulant minds”. He also tabled copies of Galileo’s Letters on Sunspots, a four-year-old 
letter Galileo had written to Benedetto Castelli about the planets, and a copy of the 1614 Letter to 
Castelli. Caccini accused Galileo’s followers of making blasphemous statements that questioned 
God’s existence and the Church’s declaration that miracles were acts performed by saints. Caccini 
went on to state that the notion that the Earth travels around the Sun was offensive to the 
Scriptures, which declared the Earth to be motionless. In addition to discussing his activities 

following the sermon, examiners asked Caccini to discuss his opinions regarding Galileo and his 
followers. Despite the fact that Caccini clearly despised Galileo’s teachings, he attempted to act 
diplomatically when asked about Galileo’s character, and openly agreed that Galileo had been 
regarded as ‘a good Catholic’ by many. Nonetheless, Caccini cunningly demonstrated his 
disapproval of Galileo’s views in his closing statement. When asked if he had any hostility towards 
Galileo or his followers, Caccini responded with nauseating unctuous rectitude:  “... I do not have   
any hostility towards Galileo, or toward the disciples of Galileo. Rather, I pray to God for them.” 
Generally, the inquisitors felt that Caccini made extravagant charges that he could not support.  
 
Meanwhile, in the spring and summer of 1615, Galileo suffered a long bout of debilitating illness, 
brought on, no doubt, by stress. Late in the year, the relentless Caccini and Lorini (the latter’s 
ignorance being such that for some years he referred to Copernicus in writing as ‘Ipernicus’), 
succeeded in tracking down and acquiring an unauthorised copy of Galileo’s Letter to the Grand 
Duchess Christina (containing some deliberate and damning inaccuracies) and gleefully sent it to 
the commissioners, saying that the description it contained of the heliocentric theory of Copernicus 
was not in accord with the Bible’s teachings.  
 

Hearing of this latest mischief-making, Galileo obtained 

permission from the Grand Duke Cosimo II to make the 

journey to Rome, where he hoped to clear his name of 
any taint of heresy, and to defend the new science of 
astronomy using his best telescopes. The Tuscan 
ambassador in Rome counselled strongly against this 
course of action, saying that Rome was a dangerous 
place for the court philosopher, as the commission was 
an arm of the Holy Inquisition and was headed by 
Cardinal Roberto Bellarmino, the ‘Hammer of the 
Heretics’, the same inquisitor who had condemned 
Giordano Bruno to death. But Bellarmino had known Galileo for fifteen years and, as head of the 
Collegio Romano, had viewed the satellites of Jupiter through a telescope there in 1611. Having 

learned a little astronomy in Florence, he, like the other men at the Collegio, highly respected 
Galileo’s discoveries and opinions, but still regarded Copernicanism as contrary to Scripture.  
 
As part of their investigation, the commissioners examined all of Galileo’s writings that they now had 
on file. They considered interrogating him about his heliocentric beliefs, but his friend and supporter 
Cardinal Maffeo Barberini persuaded them against such action. However, their deliberations soon 

were abruptly terminated, for Bellarmino informed them that Pope Paul V had already decided what 

their findings had to be. By the time Galileo arrived in Rome, the commission had finished its work, 
their verdict being that “heliocentrism is foolish and absurd in philosophy, and formally heretical since 
it explicitly contradicts in many places the sense of Holy Scripture.” On 26 February 1616 the Holy 
Office went further, with a decree banning anyone from “holding or defending” the notion that the 
Earth revolved around a stationary Sun, and placing Nicolaus Copernicus’ 73-year-old De 
Revolutionibus on the Index of Forbidden Books, ‘donec corrigatur (forbidden if not corrected)’.  
 

On the same day that this decree was announced, two officers of the Inquisition came to collect 
Galileo from the Tuscan Embassy where he had been staying, and escorted him to Lord Cardinal 
Bellarmino’s palace. Bellarmino, a small, gentle, very well-mannered, intelligent man (despite his 
formidable and intimidating reputation), was the top Catholic theologian of his time, and a 
passionate supporter of the Counter-Reformation. Speaking privately to Galileo, he advised him “to 
abandon completely … the opinion that the Sun stands still at the centre of the world [universe] and 
the Earth moves, and henceforth not to hold, teach or defend it in any way whatever, either orally or 
in writing.” Otherwise, the Holy Office would have no choice but to proceed against him. 
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Galileo accepted this advice and kept his head down for the next three years. The decree against 
Copernicus, the banning of his book, and Galileo’s presence in Rome led to gossip which smeared 
Galileo’s name with charges of heresy and blasphemy, even though he had not been tried nor 
convicted of anything. The word on the streets of Venice, Florence, Padua and Pisa was that 
Cardinal Bellarmino had called Galileo to account, had forced him to repudiate his theories, and had 
made him do penance. Galileo appealed to Bellarmino to set the record straight, which the Cardinal 
immediately did in a vindicating certificate of endorsement, saying that Galileo had not been 
accused of anything, certainly not censured nor punished, and was not forced to renounce or abjure 
any of his scientific beliefs. He had merely been notified about the decree and its implications.   

 

At the same time, early in 1616, a book by the Carmelite Father Paolo 
Antonio Foscarini was also under investigation. He had enthusiastically 
embraced the Copernican theory, and had compared statements from De 
Revolutionibus and the Bible, showing how the two were not necessarily at 
odds, and could be reconciled. He had innocently sent copies to both 
Bellarmino and Galileo. Cardinal Bellarmino (left) tried to warn Foscarini in 
a letter of 1615, saying, “It would seem to me that your Reverence and 
Signor Galileo would act prudently were you to content yourselves with 
speaking hypothetically and not absolutely, as I have always believed 
Copernicus spoke.” Obviously, Bellarmino had assumed that Osiander’s 
false preface to De Revolutionibus had been written by Copernicus himself. 
Bellarmino’s letter could be interpreted in two ways, either as friendly 

advice or as a veiled threat to both men, to comply with Church teachings or face the consequences.
  
Foscarini was dealt with very harshly – his book was ordered to be prohibited and destroyed, and its 
Neapolitan printer was arrested. When in Rome, Galileo had planned to travel down to Naples to 
visit Foscarini, but on hearing this news, he cancelled the trip “because of the bad roads”. Foscarini 
died suddenly and mysteriously within four months, at the early age of 36.  [ Bellarmino was 
canonised as Saint Roberto in 1931, and made one of only 33 Doctors of the Catholic Church.]  
 

The Jesuit astronomers who had been teaching Copernicanism stopped immediately when           
De Revolutionibus was banned, and decided that they had better keep their distance from Galileo. 
He noted their coolness, and relations between the Jesuits and Galileo deteriorated from then on. 
He had wished to write a new book comparing the Ptolemaic and Copernican world systems but, in 
the light of these events, and discretion being the better part of valour, he decided to stay well clear 
of the subject for the next seven years. Also, ill-health which dogged the latter half of his life was a 
problem at the time. He turned to other matters, using his optical knowledge to build one of the first 
instruments for magnifying tiny objects. He gave this to Cesi, reporting, “I have observed many tiny 
animals with great admiration, among which the flea is quite horrible, the gnat and the moth very 
beautiful, and with great satisfaction I have seen how flies and other little animals can walk upside 
down.” Cesi’s Linceans promptly christened it a microscope (from the Greek, ‘to see small’).  
 
Having used his newly-discovered satellites of Jupiter to win patronage from his Florentine patron, 
Cosimo de’ Medici, Galileo began to think how they might serve the seaman’s cause as well as his 
own. He was no sailor, but he knew of the longitude problem, as did every natural philosopher of his 
day. In 1612 he had made his first observation of an eclipse of one of the satellites by Jupiter, and 
saw that the rapid disappearance could be used as a clock or time signal. Over the next year he 
patiently observed the moons of Jupiter, calculating the orbital periods of these satellites, and 
counting the number of times they transitted or were eclipsed by the giant in their midst.  
 
From the dance of his planetary moons, Galileo worked out a longitude solution. Eclipses of the 
moons of Jupiter, he claimed, occurred on average about a thousand times annually, and were so 
predictable that one could set a clock by them. He used his observations to create tables of each 
satellite’s expected disappearances and reappearances over the course of several months, and 
thought that one day whole navies would navigate on his timetables of astronomical movements, 

known as ephemerides. Galileo wrote about his plan to King Philip III of Spain, who was offering a 

prize of 6000 ducats, a life pension of 2000 ducats and a gratuity of 1000 ducats, to anyone who 
could successfully ‘discover the longitude’. By the time Galileo submitted his scheme to the Spanish 

http://toolserver.org/~kolossos/earth.php?long=14.282011&lat=40.857064&name=Naples,%20Italy


 17 

court, however, nearly twenty years after the announcement of the prize in 1598, poor Philip had 
been worn down by crank letters. His staff rejected Galileo’s idea on the grounds that sailors would 
be hardpressed just to see the satellites from their pitching vessels, and certainly couldn’t hope to 
see them often enough or easily enough to rely on them for navigation. After all, it was never 
possible to view the hands of the ‘Jupiter clock’ during daylight hours, when the planet was either 
absent from the sky or overwhelmed by the Sun’s light. Night-time observations could be carried on 
for only part of the year, and then only when the skies were clear.   
 

Notwithstanding these difficulties, Galileo designed a special navigation helmet for 
finding longitude with the Jovian satellites. This headgear – the celatone – has 
been compared to a brass helmet (celata, right) with a hinged visor. An adjustable 
telescope was attached to one of the eyeholes, the other eyehole being left clear. 
Through the empty eyehole, the observer’s naked eye could locate the steady 
light of Jupiter in the sky. The telescope afforded the other eye a look at the 
planet’s moons. By planting his feet apart, the observer could counteract the motion of the ship.  
 

An improvement suggested by Galileo was that the observer wearing the celatone should recline in 
a hemispherical iron tub. This tub fitted snugly inside a slightly larger hemispherical tub, the space 
between the two being filled with oil. The inner tub (it was hoped) would act like a gimbal mounting, 
minimizing the observer’s movement as the outer tub pitched, rolled and yawed with the ship. A 
vaguely similar “observing chair” in a gimbal mount had been described in 1567 by Jacques Besson, 
before the advent of the telescope or Jupiter’s moons. An inveterate experimenter, Galileo built his 
contraption and took it out on the harbour of Livorno to demonstrate its practicability before a group 
of captains. He also dispatched one of his students to make test runs aboard a ship, but the method 
never gained adherents. Galileo himself conceded that, even on land, the beating of one’s heart 
could cause the whole of Jupiter to jump out of the telescope’s field of view. Nevertheless, Galileo 
tried to peddle his method of finding longitude to the Tuscan government and to officials in Holland, 
where other prize money (up to 30 000 guilders) lay unclaimed. He did not collect any of these 
rewards, although in 1637 the Protestant Dutch tried to give him a gold chain worth 500 florins for his 
efforts, which he, as a Catholic under house arrest for his scientific beliefs, felt it wise not to accept.
  
Galileo remained convinced for the rest of his life that the satellites of Jupiter (now called the 
Galilean satellites) held the solution to the longitude problem, observing them faithfully until he was 
too old and blind to see them any longer. He would have been gratified to learn that his method later 
came into common use for finding the longitude of places, but only using land-based observations. 
 
In 1619 Galileo became embroiled in a controversy with Father Orazio Grassi, who had become 
professor of mathematics at the Jesuit Collegio Romano. It began as a dispute over the nature of 
comets, but by the time Galileo had published The Assayer (il Saggiatore) in 1623, his last salvo in 
the dispute, it had become a much wider argument over the very nature of science itself. Because 
The Assayer contains such a wealth of Galileo’s ideas on how science should be practised, it has 
been referred to as his scientific manifesto. 

Early in 1619 Father Grassi had published a pamphlet, An Astronomical Disputation on the Three 
Comets of the Year 1618, which discussed the nature of three comets that had appeared in rapid 
succession, the last one being extremely bright and remaining visible until the following January. In 
his pamphlet, Grassi had concluded that the comets were fiery bodies which moved along a 
segment of a great circle at a constant distance from the Earth, and that they had been located well 
beyond the Moon. Grassi’s arguments and conclusions were criticised in a subsequent article, 
Discourse on the Comets, published in June 1619 under the name of one of Galileo’s disciples, a 
Florentine lawyer named Mario Guiducci, although it had been largely written by Galileo himself. 
Galileo and Guiducci offered no definitive theory of their own on the nature of comets, although they 
did present some tentative conjectures which we now know to be mistaken. In particular, they 
erroneously disagreed with Grassi’s statement that some comets travel in regular orbits like planets. 
 
In its opening passage, Galileo and Guiducci’s Discourse gratuitously insulted the Jesuit Christoph 
Scheiner (the ‘masked Apelles’, who had previously disputed Galileo’s discovery and explanation of 
sunspots), and various uncomplimentary remarks about the professors of the Collegio Romano were 
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Three comets of 1618 and their paths through the constellations, drawn by Galileo. 

 

scattered throughout the work. The Jesuits were deeply offended, and within four months Grassi 
published an angry rebuttal of his own, the Libra Astronomica (Astronomical Balance), in which 
he placed Galileo’s arguments on a balance and found them weightless. Like ‘the masked Apelles’, 
he wrote this tract under a nom-de-plume, ‘Lothario Sarsi’. 
 

Galileo mulled ‘Sarsi’s’ arguments over for three years 
before sending his response to the Lincean Academy for 
publication in October 1622. Approved by the Church 
censors, it appeared in 1623. Il Saggiatore (The Assayer) 
was Galileo’s final devastating reply to the Astronomical 
Balance. He replaced the crude balance of the Libra with the 
more delicate and accurate scales assayers use to analyse 
the quantity of pure gold in gold ore. It has been widely 
regarded as a masterpiece of polemical literature, in which 
‘Sarsi’s’ arguments are subjected to withering scorn. Some 
barbs are also aimed at Simon Mayr, for trying to rename the 
‘Medicean Stars’ as the ‘Brandenburg Stars’, which could 
jeopardise Galileo’s Tuscan patronage. 
 

Il Saggiatore sits midway between the Letters on Sunspots 
of 1613 and the Dialogo of 1632, with a decade of mostly 
silence on either side. It shows Galileo’s impatience with 
people who followed blindly the dictates of their masters 
Aristotle and the Church, rather than examining and 
accepting the evidence as presented by Nature herself. The 

Assayer was greeted with wide acclaim, and particularly pleased the new Pope Urban VIII, to whom 

it had been dedicated – the pope’s family crest of three bees surmounted the title page seen above.  
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Galileo’s patron and former student, the Grand Duke Cosimo II died of tuberculosis in 1621 aged 

30, and was succeeded by his ten-year-old son Ferdinando II. The boy’s grandmother, the Dowager 

Grand Duchess Christina, and his mother acted as Co-Regents until Ferdinando reached 18. During 
these eight years, Galileo had to be very circumspect about what he said and did, so as not to 
prejudice his position as mathematician and philosopher to the Tuscan court. 
 
In late 1624 a complaint against Galileo’s The Assayer was lodged by a person unknown. The 
plaintiff charged that the book espoused ‘atomism’, the theory proposed by the Greeks Leucippes 
and Democritos in the fifth century BCE, that all matter is composed of tiny, indivisible particles. It 
was claimed that this theory was in conflict with the official church doctrine regarding the Eucharist, 
in which bread and wine are ‘transubstantiated’ into Christ’s flesh and blood. After an investigation 
by the Inquisition to see if heresy was involved, Galileo was cleared of that charge. In 1626 Orazio 
Grassi published his reply to The Assayer, a book entitled Ratio Ponderum Librae ac Simbellae, 
but Galileo was now heavily involved in writing his Dialogo and, having said all that he wished to 
say on how science should be practised, he did not bother to respond. In any case, Galileo probably 
realised that Grassi was correct in his claim that comets moved above the Moon. 

The 1616 decree against teaching the heliocentric system of Copernicus and the banning of his book 
forced the Jesuits in the Collegio Romano to seek an alternative world view. By 1618, they had 
begun to regard the geo-heliocentric system proposed by Tycho over twenty years before as a 
plausible alternative to Ptolemy, as it explained the telescopic observations (especially those of 
Venus) without requiring the Earth to move around the Sun in contradiction of scripture. When 

Longomontanus revitalised Tycho’s system in his Astronomia Danica of 1622, they embraced it and 
required that Tychonism be taught in all Jesuit colleges, and 
recommended it for all other Catholic institutions. 
  
Galileo regarded the Tychonic theory as ridiculous and, as was his way, 
entered into heated correspondence with members of the College on the 
matter. This, combined with his disputes with Scheiner and Grassi, 
permanently alienated many of the Jesuits who had previously been 
sympathetic to his ideas. It was the end of their cordial relationship, and 
Galileo and his friends were later convinced that these Jesuits were 
partly responsible for bringing about his condemnation in 1632. 

In a book called Dioptrice, Kepler had proposed an improvement to Galileo’s telescope by using a 
convex eyepiece instead of a concave, to produce a wider field of view. He never built one, probably 
because of his poor eyesight, but his countryman Christoph Scheiner did, and found the new layout 
quite successful, although the image it produced was upside-down. He used his instrument to draw 
the map of the Moon shown above. In 1630 Scheiner published Rosa Ursina sive Sol, which 
became the definitive work on sunspots for over a century. He wrote a pamphlet Prodromus pro 
Sole mobili et Terra stabili contra (An essay for a moving Sun and a stable Earth) attacking 

Galileo and the heliocentric 
theory in 1632, but it was 
not published until 1651, 
the year after his death. 

 
 
 
 
 
 

Left:  Christoph Scheiner 
and a colleague project an 
image of the Sun onto a paper 
chart, on which he shades in 
the sunspots.  
 
Note the astrolabe and 
quadrant hanging on the wall 
in the background. 
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Cardinal Bellarmino and Pope Paul V both died in 1621. The new Pope Gregory 

XV, who introduced the Sacred Congregation for the Propagation of the Faith, died 

just two years later. In August 1623 Galileo’s friend and admirer Cardinal Maffeo 

Barberini (left) was elected pope, taking the name Urban VIII, and in April 1624 

Galileo went to Rome and had six meetings with him. Through his secretary 

Giovanni Ciampoli who was a Lincean, Urban actively encouraged Galileo to make 
a start on a new scientific book describing his astronomical theories. Barberini was 
an accomplished poet who had even written a poem lauding Galileo’s discoveries, 
and had opposed his being interrogated in late 1615. Over the next decade Galileo 
worked on his book sporadically, putting it aside when he felt unable to continue, 

and taking it up again when encouraged and pressured by his friends to do so. The book was 
finished in December 1629, but a severe outbreak of plague in Italy and the sudden death at age 45 
in August 1630 of Galileo’s loyal supporter Prince Federico Cesi (who was preparing to oversee the 
printing), were major blows that held up publication. In 1631 Galileo moved into his last home, the 
Villa il Gioiello (the Jewel House) at Arcetri, about three kilometres south of the centre of Florence, 
and close to the convent where his two daughters lived.  
  

The book, Dialogo (Dialogue), eventually appeared in 1632, with formal authorisation from the 
local Tuscan officials of the Inquisition and papal permission. Its full title is Dialogo sopra i due 
Massimi Sistemi del Mondo – Tolemaico e Copernicano (A Dialogue Concerning the Two 

Chief World Systems – Ptolemaic and Copernican). We are told that Urban VIII read the final 

draft before the book was printed, but he might not have read it carefully right through to the end. He 
agreed that Galileo could give arguments for and against heliocentrism in his book, but warned him 
to be careful not to advocate heliocentrism. The pope knew that Galileo had written that the rise and 
fall of the ocean tides was evidence that the Earth moved, so asked him to include Urban’s own 
view that such was not necessarily the case, and that God could move the tides as He wished 
through means unknowable to man. Only the latter of those requests was complied with by Galileo. 
 

Whereas De Revolutionibus of Copernicus is very complex, with minute detail and mathematical 
proofs, Galileo’s Dialogue is non-technical, persuasive and entertaining. It was written and 
published for the common man in Italian, not the scholar’s Latin. There are three characters in the 
book: Salviati – he supports the Copernican world system and is the voice of Galileo himself; 
Sagredo – he is a man of intellect holding no particular world view, but he typically takes Salviati’s 
side;  and Simplicio – he is a pompous Aristotelian philosopher who loves to drop Latin phrases: he 
supports the Ptolemaic world view. Galileo had long-standing friends named Salviati and Sagredo. 

       

 

 

 

 

 

 

 

 

 

  
The cover of Galileo's Dialogue, and a page from his book, showing his concept of the Solar System. 
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Despite his discoveries, Galileo was still bound by the Aristotelean notion that planetary orbits had 
to be perfectly circular, so did not see fit to mention in his Dialogue Kepler’s elliptical orbits or his 
Three Laws of Planetary Motion of 1619. The homocentric spheres of Fracastorius and the re-
vamped Tychonic system that Longomontanus published in 1622 also failed to rate a mention. Yet 
Galileo devoted over 14 pages (in the current English edition) to the magnetic theories of the 
Englishman William Gilbert, as described in his book De Magnete (On the Magnet).  
 

Galileo honestly stated in the preface of the book, addressed ‘To the discerning reader’, that the 
third character was based on and named after a famous Neoplatonist philosopher (‘Simplicius’ in 
Latin, ‘Simplicio’ in Italian) who lived between AD 490 and 560. Rather than being an original 
thinker, the real Simplicius wrote lengthy interpretations of the works of Aristotle and other Greek 
authors. Many of his surviving works, including his Commentaries on the works of Aristotle, have 
preserved much information about the ancient Greeks, so Simplicius is regarded as the last 
philosopher of pagan antiquity. Obviously, Galileo had closely studied the man and his writings.  
 

We believe that some of the ideas expounded by Galileo’s ‘Simplicio’ are also based on those of 
Galileo’s adversary, Lodovico delle Colombe, supporter of Aristotle and leader of the Pigeon 
League, as many of Simplicio’s arguments appear in the same order and form as in Colombe’s 
treatise against the motion of the Earth. The name ‘Simplicio’ also has the erroneous connotation of 
‘simpleton’ (‘sempliciotto’ in Italian). Whether Galileo used this name unknowingly or deliberately as 
a pun, Simplicio, the defender of the Ptolemaic geocentric view in the Dialogue, is often caught in 
his own errors and sometimes comes across as a fool. This portrayal of Simplicio made the 
Dialogue Concerning the Two Chief World Systems appear as an advocacy book – an attack on 
Ptolemaic geocentrism (which it mocked unmercifully) and a defence of the Copernican theory.  
 

Unhappily for his relationship with the pope, in the last two pages of the Dialogue (included at the 

last minute to comply with the pope’s wishes) Galileo had Simplicio repeat Urban VIII’s statement 

that God could move the tides. Most historians agree that Galileo did not do this to insult the pope, 
but was simply complying with the pope’s specific request (see previous page). He was completely 
taken aback by Urban’s enraged reaction. Although the pope had approved the final draft of the 
Dialogue, malicious and envious advisers persuaded him that Galileo had held him up to ridicule. 
The pope believed them and was infuriated by this, and by the book’s blatant Copernican advocacy 
(Urban had serious political problems to deal with at the time). Galileo had alienated one of his most 
important and powerful supporters, and was summoned to Rome in September 1632 to defend 
himself, as shown below. The Accademia dei Lincei provided him with as much support as they 
could, but the persistent Caccini took advantage of this trial to again attack Galileo before the pope. 

 

http://en.wikipedia.org/wiki/Simplicius_of_Cilicia
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Galileo thought that his provable facts about the Sun-centred universe as revealed by his telescope 
would soon convince his inquisitors and carry the day for him, but in this he was mistaken. What 
was really at stake was obedience to authority – who should own the truth about the heavens, the 
Holy Church or a mere man? Galileo was brought before ten Cardinals, all Dominicans, one being 
the pope’s brother and another his nephew, and had to face accusations dating all the way back to 
1611. He really didn’t have a leg to stand on. Consequently, in June 1633 the Holy Inquisition found 
Galileo “vehemently suspected of heresy”, namely, “of having held the opinions that the Sun lies 
motionless at the centre of the universe, that the Earth is not at its centre and moves, and that one 
may hold and defend an opinion as probable after it has been declared contrary to Holy Scripture.” 
They demanded that he “abjure, curse and detest” those opinions and admit that the Earth stands 
still. He was shown the instruments of torture to which he would be subjected, if he refused to obey.  
 
According to his biographer Vincenzo Viviani, Galileo complied sincerely. Legend has it that he then 
muttered under his breath, “Eppur, si muove (And yet, it moves)”, but this is doubtful as it would 
have been very imprudent, even dangerous. He was ordered imprisoned, but because of his 
advanced age of 68, the sentence was commuted to house arrest in his home at Arcetri, outside 
Florence, for the rest of his life. His offending Dialogue was placed on the Index of Forbidden Books 
and, in an action not announced at the trial, publication of any of his works was prohibited as well, 
including any he might write in the future. At least he was not jailed nor burned at the stake as a 
heretic for supporting the Copernican theory, as Giordano Bruno had been 33 years before.  
 

[ Present Day Note:  Some 360 years later, Pope John Paul II exonerated Galileo and belatedly 

apologised to him on 31 October 1992. Whereas one would hope that this was meant to be a final 
reconciliation, it was not. The Jesuit George Coyne, Director of the Vatican Observatory from 1978 
to 2006, has said that it was only a face-saving exercise for the church, and not an attempt to 
confront the real issues that still exist between science and religion. The following pope, Benedict 
XVI (who resigned in 2013) said when he was Cardinal Joseph Ratzinger that the church’s 
treatment of Galileo was “rational and just”, quoting an Austrian philosopher Paul Feyerabend.  

Giordano Bruno has never been offered an apology. Father Coyne has also been a vocal opponent 
of so-called ‘Intelligent Design’, saying, “Intelligent Design isn’t science even though it pretends to 
be. If you want to teach it in schools, intelligent design should be taught in religious or cultural 
history classes, not in science lessons.”  He also says, “All of the scriptures were written between 
2000 BCE and AD 200, and modern science has only come into existence in the last few hundred 
years. Therefore the scriptures in no way contain any science and should not be taught as such.” 
This obvious truism has not stopped fundamentalist religions of various extreme strains from being 
openly hostile to conventional science and medicine, even in the present day. ] 

Galileo’s career was a major turning point in science. “If science has a beginning date,” says 
Professor Fred L. Wilson, “it must be 1632 when the Italian astronomer and physicist Galileo Galilei 
published his book, Dialogue Concerning the Two Chief World Systems. All the previous work, all 
the observations, theory, and fighting against dogmatic concepts were brought together by Galileo.” 
Galileo revolutionised the way scientists approached their work. In this respect he departed from his 
contemporary scientists or ‘natural philosophers’ as they were then called. He did not confine 
himself to simply reasoning his ideas through logically as was the practice of his day. He searched 
for and devised suitable experiments for demonstrating his theories. He measured time and 
distance. In fact, he was the first to conduct time experiments and to use measurements in a more 
systematic way.  
 

Many churchmen believed that Galileo had been treated unfairly by the Inquisition, and a number 
offered him private support. Two of his most steadfast supporters were Francesco Niccolini, the 
Tuscan ambassador to the Holy See who looked after Galileo at his embassy while in Rome, and 
Ascanio Piccolomini, the Archbishop of Siena. Niccolini did his best to defend Galileo and provide 
him with legal advice in his dealings with the Inquisition in 1633, and negotiated the ‘plea-bargain’ 
that ended the proceedings. Piccolomini took Galileo under his wing as he returned from Rome, 
housed him in his Archbishop’s palace at Siena for six months, and looked after him until he had 
recovered from his ordeal. To help Galileo return to work, Piccolomini asked him to solve a major 
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problem he had in casting a new bell for the Siena Cathedral campanile, which had defeated his 
workmen. Galileo tackled this with gusto, and the bell was successfully cast before he left for 
Florence. It was largely due to Piccolomini’s friendship, encouragement and assistance that Galileo 
returned to his scientific studies, and wrote his last book. 

With regard to Galileo’s other activities in the physical sciences, he was one of the first thinkers to 
conduct actual experiments to investigate phenomena, rather than simply believing what ancient 
philosophers had taught. For instance, he did not believe Aristotle’s dictum concerning falling 
bodies, which stated that heavy objects fell faster than light ones. Though he first conducted 
experiments on the force of gravity by dropping objects of different weights, he improved on this by 
rolling heavy and light spheres down gently inclined planes. He timed the procedures using water 
jets, and the inclined planes stretched out the timing and made it more accurate.  

Although he was not the only experimenter of his time working in this way, he was the most 
assiduous and introduced the experimental method to science – a ground-breaking advance. 

Although his main discoveries lay in the fields of astronomy, geometry and philosophy, he was very 
interested in other fields as well. Some of his activities included: 

●       Describing the laws that control pendulums, and, in 1641, designing a prototype 
                clock using a pendulum  
●        Discovering the rate of acceleration of a body in free fall  
●        Devising a way to use the Jovian satellites to find longitude at sea  
●        Designing a device he called an  ‘Occhiolino (Little Eye)’ – a primitive  microscope 
●        Inventing an irrigation device powered by wind  
●        Measuring velocity over a distance  
●        Documenting the libration of the Moon  
●        Gardening.  

Galileo spent his last years trying to avoid 
astronomical controversy. His final book, 
Discourses and Mathematical Demon-
strations Relating to Two New Sciences, 
concerned the strength of materials and the way 
objects move. In the book, Salviati, Sagredo and 
Simplicio return, but the fire has gone out of their 
arguments, and the book is rather complex and 
heavy going.  
 

The publisher, Louis Elsevier of Leiden in 
Protestant Holland, knew that the Vatican had 
banned Galileo from printing anything, so made 
the journey to Arcetri in May of 1636, and offered 
to publish it for him. Galileo gladly handed over 
the manuscript. The book appeared in 1638, and 
laid the basis for the new science of mechanics.
   
 

Albert Einstein regarded this book as one of the 
most important in the history of science, and 
said, 
  
“All knowledge of reality starts from experience 
and ends with it. Because Galileo saw this, and 
particularly because he drummed it into the 
scientific world, he is the father of modern 
physics – indeed, of modern science altogether.”  
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Galileo’s eyesight was affected by cataracts and glaucoma in his old age. At the onset of symptoms, 
he asked the Church if he could leave his house to visit a doctor in nearby Florence for treatment. 
They refused, and by the time permission was finally given in 1637, it was too late to save his sight. 
Though blind, he was not isolated, having many famous and illustrious visitors. Even the young 
English poet John Milton made his way to Florence to visit Galileo at Arcetri in September of 1638. 
He immortalised the visit and a view of the Moon which he had through Galileo’s telescope in his 
monumental epic poem, Paradise Lost – “the Moon, whose Orb through Optic Glass the Tuscan 
Artist views at Ev’ning, to descry new Lands, Rivers or Mountains in her spotty Globe.…” 

Galileo explained to his son Vincenzo how to build a pendulum clock, but Vincenzo never got 
around to doing it. Galileo dictated his notes and letters to his loyal biographer and student, 
Vincenzo Viviani (1622-1703), who came to live with him as a 16-year-old in 1638. He was like a 
dutiful grandson to the aged Galileo. Viviani acted as an amanuensis (secretary, assistant and 
friend), and carefully wrote down all that Galileo dictated, and read his letters to him (below).  

  
  
  
  

 

 

 

 

 

 

 

 

Viviani’s tutor, Evangelista Torricelli (1608-1647), also moved into Galileo’s house in his final 
months, to work in the company of the great man. The later successful careers of both Viviani 
(engineering and mathematics) and Torricelli (inventor of the mercury barometer) were greatly 
influenced by their conversations with Galileo. When Galileo died aged 77 on 8 January 1642, his 
positions with the Tuscan court and the University of Pisa both passed to Torricelli. When Torricelli 
died five years later, both positions went to Viviani. With Galileo’s death, the remaining Italian 
natural philosophers decided to maintain low profiles so as not to arouse the attention of the 
Inquisition.  The Scientific Revolution that Galileo had begun therefore moved to northern Europe. 

Most of our anecdotes about Galileo’s life come to us through Viviani’s biography Life of Galileo 
and from the 124 letters he received from his beloved daughter Sister Maria Celeste, who 
predeceased him. She was a nun living in a nearby convent, and Galileo was heartbroken when she 
tragically died in 1634. The hundreds of letters which he had written to her and which she had kept 
safe, were burned with her few clothes and other possessions by the Mother Abbess of the convent. 
She may have feared that the letters might contain dangerous heresy. We therefore are left with 
only Maria Celeste’s side of the father-daughter dialogue, which Galileo had kept and treasured. In 
his book, Viviani promoted the idea of the spirit of the dying Michelangelo leaping to the newborn 
Galileo on 15 February 1564. On Galileo’s passing, the grief-stricken Viviani vowed to create a 
worthy tomb for him in the great basilica of the Chiesa di Santa Croce (Church of the Holy Cross) in 

http://toolserver.org/~kolossos/earth.php?long=11.257573&lat=43.747603&name=Villa%20il%20Gioiello%20(Galileo's%20last%20home),%20Arcetri,%20Florence,%20Italy
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central Florence, where Galileo’s forebears were also buried. Galileo’s patron, the now 31-year-old 

Grand Duke Ferdinando II of Tuscany, wished to provide a large public funeral and an imposing 

monument. These plans were both forestalled, as Pope Urban VIII was still furious with Galileo and 

banned public recognition of any kind. It did not help that the pope was under attack by Catholic 
hardliners for not being aggressive enough in the Thirty Years’ War. Urban was also in the process 
of having his army crushed in the First War of Castro against Odoardo Farnese, the Duke of Parma, 
and Ferdinando had taken sides with Farnese. (Galileo had been Odoardo’s guest at the Palazzo 
Farnese when in Rome in April 1611.) The Grand Duke was threatened with severe papal 
retribution if the plans went ahead. Eventually it was agreed that the body could be placed in an 
unmarked grave in a tiny room at the end of a corridor from the southern transept of the basilica to 
the sacristy, under the cathedral’s bell-tower. Two and a half years after the death of Galileo,   

Urban VIII himself died, which sadly caused great jubilation in the streets. The succeeding pope 

gave Viviani permission to place a small marble plaque and a plaster bust near the grave.   
 

Viviani never forgot his mentor, and in his wealthy later years he still regarded himself as a disciple 
of Galileo. He adorned the walls on each side of the front portico of his mansion with huge stone 
scrolls describing in Latin Galileo’s life and achievements. A bust of Galileo surmounted the portico. 
The mansion still exists in Florence with the scrolls and bust as described, and is known as the 
Palazzo dei Cartelloni  (Palace of Scrolls, below). It is at present a non-profit educational institution. 

 
When he died aged 81 in 1703 without heirs, Viviani left all of his substantial estate to a nephew, 
with instructions to devote the money to giving Galileo’s body a monument worthy of such a man. 
The nephew did nothing, and the money eventually passed into the hands of another relative, the 

Senator Giovanni Battista de Nelli. By this time there had been ten popes after Urban VIII, but in 

1730 there was elected a new pope, Clement XII, who was himself a Florentine and amenable to 

Galileo’s receiving his proper due. De Nelli had the triumphant satisfaction of seeing Galileo’s 
elaborate tomb completed in 1737 as Viviani would have wished. 
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If you, gentle reader, ever have the chance to visit Florence, be sure to spend some time at the 
Chiesa di Santa Croce, for there you will find the tomb of Galileo. Indeed, in the very same building, 
you will also find the monuments of Niccolò Machiavelli, Dante Alighieri, Michelangelo Buonarroti, 
Gioacchino Rossini, Guglielmo Marconi and Enrico Fermi. But be sure, be sure to see the tomb of 
Galileo, for there he rests, for the ages.  
 
It shows him full-size, his eyes looking to the sky, his lead telescope in his right hand, and his other 
hand resting upon the Earth. 

 
Monuments of Dante Alighieri and Michelangelo Buonarroti in the Chiesa di Santa Croce, Florence. 

 

Nearby, Michelangelo’s great marble tomb (above right) has three Muses (goddesses or spirits 
inspiring the arts, science and literature) at its front, for Painting, Sculpture and Architecture, but 
Galileo’s, just as grand, has only two, for Astronomy and Geometry. The Muse of Philosophy, 
originally part of the design and mentioned in the inscription, was omitted without explanation. 

We now know that Galileo’s third Muse is present, but unseen.  

When de Nelli’s men opened Galileo’s grave in 1737 to move his body into the new tomb, they were 
surprised to find not one but three sets of bones – of two old men and a middle-aged woman. In a 
moving ceremony attended by thousands of Florentine citizens, all three bodies were carefully and 
reverently placed in the new marble monument where they remain today. 

What had happened is now clear. Ninety-five years before, the faithful Viviani, distraught at not 
being allowed to pay the tribute he felt he owed his mentor, had secretly given Galileo something far 
more meaningful to the old astronomer than gold or marble....  the presence of his beloved daughter 
Sister Maria Celeste by his side. She is his third Muse. At his own death, Viviani had wished to be 
placed in the company of his hero. 
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The tomb of Galileo in the Chiesa di Santa Croce, Florence, showing the two Muses.          

 

“Galilaeus Galileius, Florentine Patrician.  Great restorer of Geometry, Astronomy and Philosophy.            
None to compare in his age.  Here let him rest quietly.” 
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Galileo would have been amazed to learn that, less than 400 years after he discovered the moons of Jupiter, 
a spacecraft bearing his name would actually visit each one of them, returning high-quality images to Earth. 

 

Some of the contentious Biblical texts appear below. The first translation in blue is from the King 
James version of 1611, the second in red is from the New International Version (UK) of 1978: 

1 Chronicles, 16:30 – “Fear before him, all the earth: the world also shall be stable, that it be not 

moved.”  “Tremble before him, all the earth! The world is firmly established; it cannot be moved.” 

1 Samuel 2:8 – “For the pillars of the earth are the Lord’s, and he hath set the world upon them.”  
“For the foundations of the earth are the Lord’s, upon them he has set the world.”  

Psalm 93:1 – “The world also is stablished, that it cannot be moved.”  “The world is firmly 
established; it cannot be moved.” 

Psalm 96:10 – “Say among the heathen that the Lord reigneth: the world also shall be established 
that it shall not be moved.”  “Say among the nations, the Lord reigns. The world is firmly established, 
it cannot be moved.” 

Psalm 104:5 – “Who laid the foundations of the earth, that it should not be removed forever.”  “He 
set the earth on its foundations; it can never be moved.” 

Ecclesiastes 1:5 – “The sun also ariseth, and the sun goeth down, and hasteth to his place where 
he arose.”  “The sun rises and the sun sets, and hurries back to where it rises.” 

Joshua 10:12-14 – “Then spake Joshua to the Lord …. and he said in the sight of Israel, Sun, stand 
thou still upon Gibeon; and thou, Moon, in the valley of Ajalon. And the sun stood still, and the moon 
stayed, until the people had avenged themselves upon their enemies. Is not this written in the book 
of Jasher? So the sun stood still in the midst of heaven, and hasted not to go down about a whole 
day. And there was no day like that before it or after it.”  “Joshua said to the Lord in the presence of 
Israel: O sun, stand still over Gibeon, O moon, over the Valley of Aijalon. So the sun stood still, and 
the moon stopped, till the nation avenged itself on its enemies, as it is written in the Book of Jashar. 
The sun stopped in the middle of the sky and delayed going down about a full day. There has never 
been a day like it before or since.”  


