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Galileo Galilei
The most intelligent man in the world (at least around the
16th century) was born in Pisa in 1564. His father was a
musician, and that’s the reason why Galileo seemed to be
very good at playing the lute.
About his childhood and teenage years we only know
two or three things. If you read his biographies you will never
see the names Caterina Scarpaci or Valerio Gonfiori mentioned. There are no history books that seem to remember the
episode of Ugolino and the league of poisoners.
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What makes things even more suspicious is the fact
that there is no mention about a son of the Duke of Mantua
called Lorenzino, or of him having suffered because of a
dessert made with arsenic. All these things make us suspect
that all this adventure was nothing but an invention by the
writer of this book.
We know that Galileo didn’t finish his studies of Medicine and that he managed to (it was impossible to stop
him) become one of Ostilio Ricci’s students. Curiously
enough, his first job was as a Mathematics professor at the
University of Pisa. From then onwards, his intelligence, his
taste for controversy and his lack of respect for the authority of Aristotle made him become extraordinarily prestigious.
But all these qualities also brought him lots of trouble.
His talent was very much admired. His ideas were
very much rejected by some.
As we have seen, in spite of being very talented for
speaking and being able to even sell radiators in the desert, he
wasn’t very diplomatic at all. In one of his books he wrote
about the people who disagreed with his opinions, using these
words: ‘Even with all the evidence in the world, what can you
expect from people who are so stupid that they are not even
able to admit their own limitations?’ And, of course, by using
this kind of language, he made some people very angry.
It is very frustrating when someone who is more intelligent than you tries to prove you wrong, and looks really
good while leaving you without anything to say, and then
makes fun of you. That way, Galileo made a big collection
of enemies. As they couldn’t beat him with their arguments,
they tried to play dirty.
Galileo believed in God, but didn’t think that the Bible
was a science textbook. If it were, it would seem to have

But, who on earth would think of something like that?

109

A Biblical representation of the creation of the Sun and the Moon.
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been written by Aristotle rather than King David or an
evangelist. His enemies were convinced that if he was disagreeing with Aristotle, he was doing the same with the Sacred Scripture, something that was called heresy, and that
was rewarded with exquisite torments in a prison cell of the
Inquisition, or burning one’s feet at a stake.
After many generations in which people had the same
amount of knowledge as their great-great-grandparents, in
the 16th century sciences made some huge progress. The
Bible reflected the knowledge from the period in which it had
spread, more than a thousand years before, and so it seemed
to be contradicting some of the most recent discoveries. For
some people, this proved that the Bible was not right about
anything, but for some others it simply indicated that it was
a book of faith, not a physics manual, and that if Saint
Matthew had tried to explain the science of the future, no
one would have understood a single word.
There were some religious people who admired progress and found it perfectly compatible with their beliefs, and
there were those who thought that questioning a single comma from the Sacred Scripture would mean questioning the
validity of all the rest. One of the questions that seemed to
hurt the conservatives’ sensibility was whether the Sun spinned around the Earth (the opinion of old Aristotle) or if it was
the Earth that spinned around the Sun (the opinion of someone called Copernicus, also known as heliocentrism).
Galileo openly agreed with Copernicus’ theory and
started a campaign for it. His astronomical discoveries fit
perfectly well with this new model. The Church was not
very open to novelties and let him know that all that wasn’t
very well received. So when Galileo wrote his work in defence of heliocentrism, he knew the risk he was taking.

Cover of the
Dialogue Concerning the Two Chief
World Systems

For the book he chose a short and catchy title: Dialogue Concerning the Two Chief World Systems: Ptolemaic and Copernican. When you skim through its pages,
it looks like a film script: it’s full of dialogues. In it, three
characters, Salviati, Simplicio and Sagredo, instead of experiencing many adventures and trying to save the Earth
from catastrophes, they spend the afternoon arguing about
their ideas. Salviati shares Copernicus’ (and Galileo’s) point
of view, Simplicio thinks like a not very clever Aristotelian,
and Sagredo doesn’t really know what to think, although he
ends up clearly agreeing with Salviati. As the dialogue moves forward, Salviati takes the leading role and Simplicio
plays the role of a clown. Copernicus’ position is defended
brilliantly and Aristotle doesn’t end up very well. However,
in the end, Salviati admits that he has been fooling the
other two just for fun, and to prove his dialectic abilities.
After all, who would have imagined it, Aristotle was right.
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Galileo’s purpose was to make every intelligent person become captivated by Salviati’s ideas, but if anyone
accused him of defying the Church, he could always resort
to the fact that the book ends by explicitly praising Aristotle. Our friend was very clever, wasn’t he?
Well, it didn’t work.
His enemies played their cards well. Their dirtiest
trick was to make the Pope think that Simplicio, the silly
character in the book, was inspired in him. And then all the
trouble began.
Almost at the age of seventy, and already ill, Galileo
had to choose between retracting what he had written and
being tortured. He ended up giving up: yes, they were completely right, he had gone too far by making Salviati look so
intelligent, and let there be no doubt that Simplicio was
right. Long live Aristotle!
He saved his life, but still had to spend the last eight
years of his life under house arrest.
Many people say that his retraction was shameful.
Probably those who say that have never been threatened to
be tortured when they were weak and ill, and at the age of
seventy, when this sort of things are not usually very pleasant to accept.
In any case, in the long run, it was Salviati’s ideas the
ones that conquered the world.
Galileo wasn’t infallible either. In some of his arguments in favour of heliocentrism he made some mistakes,
like when he explained the way sea tides work, relating it to
the rotation of the Earth.
In the year of his death, 1642, a child was born in
England who would succeed him in the position of the most
intelligent man in the planet: his name was Isaac Newton.
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The experiment of the Leaning Tower
Many historians consider this experiment —the most famous of all time— a legend and suspect that Galileo never
carried it out.
One of its most appealing aspects lies in the fact that
it opposed common sense and (even better than that!) Aristotle. In Galileo’s time, this man, who had been born in
Greece two thousand years before, was considered the
Teacher of all those who know. And that is saying a lot.
According to Aristotle’s theories, if one rainy afternoon you
were getting bored and decided to drop two objects from
your window (for example a piece of fluff and a rubbish
truck), each of them would reach a speed proportional to
their weight. In other words, the piece of fluff with fall almost in slow motion and the truck, at full speed.
It sounds reasonable: if you hold a full carton of milk
in one hand and an empty carton in the other hand, it
seems as if the one you find most difficult to hold has a bigger desire to slam against the floor. Like Aristotle had said
and it seemed obvious, because nobody had taken the trouble to try it. Only two gentlemen had dared to raise some
objections: John Philoponus in the 6th century and (a thousand years later!) a military engineer called Simon Stevin.
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When it hails, people run under cover and don’t pay
too much attention to the hailstones falling from the sky,
except to avoid being hit. Galileo, with his ability to see
what others couldn’t see, realized that the big hailstones fall
at the same speed as the small ones. There was something
suspicious in old Aristotle’s ideas, wasn’t there? That’s what
he was thinking about when an ice pellet hit him in the
face.
According to the legend, he then went up the stairs of
the Tower of Pisa three by three, and he then dropped from
the top two balls, one made of oak wood and the other one
made of lead, and that they both hit the floor at the same
time. We suppose he had already made sure there was nobody walking nearby that could be hit by the balls. Conclusion: the speed at which bodies fell didn’t depend on their
mass.
Obviously, this is not totally true. Galileo simply affirmed that Aristotle wasn’t right when he maintained that the
falling speed was proportional to the mass. That is, that if a
body has got twice as much mass as another one, it doesn’t
fall twice as fast. In the case of the balls, they fall almost at
the same speed. It is easy to test that if one drops a paper
coin and a metal coin, the metal coin reaches the floor faster. This is due to the fact that coins don’t travel alone: on
their way to the floor they are constantly clashing against
air molecules, which we can’t see, but are there. And what
happens if you run at full speed against a crowd? That when
you bump into people, you get stopped. And they stop you
in different ways, depending on whether you are walking
forwards, sideways, or with arms stretched out, and also
depending on whether you’re made of lead or you’re made
of shiny wrapping paper…

Galileo’s most successful achievements
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Galileo’s audacious imagination could see that if there
were no air, all bodies would fall at the same time. Eight
years after his death, in 1650, an invention was perfected
that would end up proving him right: the vacuum pump.
This gadget extracts air, from a tube, for example, until the
clashes of molecules stop slowing down the movements of
bodies inside it. The nobles from the 18th very much enjoyed watching races between a bird’s feather and a coin,
inside a vacuum pump. They always reached the end at the
same time, so they always ended in a draw.
However, the best financed remake of this famous
experiment took place on the Moon and was led by an astronaut (who else?): Commander David Scott in the summer of 1971. He dropped an aluminium geological hammer, which weighed more than a kilo, and hawk’s feather,
which weighed less than 50 grammes. He had a few problems because the static electricity made the feather get
stuck to his glove. But luckily (because there wasn’t a television camera recording the event), in the end the feather
and hammer did what they had to do. You can see the result on NASA’s website. At last, a dramatic way to show to
what degree air friction (or air drag) can affect the speed at
which objects fall. What happens if they drop you from an
aeroplane that is flying at ten kilometres of altitude? The
speed of the fall would cause you a slight headache. Especially at the moment just before kissing the ground. Would
it be worse if you increased your weight? Well, it depends,
if the increase is caused by a parachute, a gadget that is
specifically designed to receive the impact of air molecules
so as to stop you, you would probably even live to tell the
story.
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The spyglass
During his stay in Venice, Galileo heard about a discovery
of a new optical instrument: the spyglass. This thing was
really cool, because it allowed you to watch what your
neighbour were doing, without them knowing it, and
without moving from your own sofa. Galileo was really impressed when he heard about it and tried by any possible
means to reproduce the invention, perfect it and… sell it to
the Senate of the Republic of Venice as if it were his own
idea. After all, it was only being made in the Netherlands,
which were quite far away, and there it was sold in fairs as
toys. The truth is it was a great success, the Doge and the
other authorities in Venice were amazed with the telescope
(it seemed to them as if the boats in the port were going to
come in through the window!) and compensated him by
paying him a fortune.
It was a very clever move by Galileo. And also a bit
dirty… The first telescope made by Galileo had a lens of 9x
magnification. By working really hard in his workshop he
managed to reach 60. He still wasn’t satisfied. He didn’t
stop until he had reached 1000x magnification. Using his
supertelescope, he did but no one had thought about doing
before. Instead of looking at his neighbour’s freckles, which
he had already seen, he aimed higher, lifted his telescope
and pointed it at the sky.
From that moment onwards, who cared about who
had actually invented it? Galileo had been the only one who
had realised the extraordinary possibilities it offered. He had
taken a toy for gossips and turned it into a weapon that
would lead a scientific revolution. After seeing what he saw
through his lenses, the world was never going to be the same.
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Galileo showing his telescope, lithograph from the 19th century.
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The real face of the Moon
This is the story of a major disappointment. Once upon
a time, Aristotelians lived happily with an astronomical
model that seemed just perfect. The Earth was the centre of the universe. The Sun, the Moon, the planets and
a lot of stars spinned around it saying hello and goodbye, night and day, to reappear the following morning at
the same time. All the model’s defects and imperfections had been hidden under a giant carpet: the sublunar sphere. In other words, below the level of the Moon
were all the big mistakes of nature, including the biggest
one of all: the human being. They had all been made
with fire, earth, air and water, and they all loved moving
in a straight line. In the sublunar sphere being constant
was difficult: worms were spontaneously born out of
mud, flesh got rotten, people’s hair fell off, their faces
became wrinkled and they finally disappeared from the
map.
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Above the level of the Moon the picture changed completely: up there everything had been made with a wonderful
substance, the quintessence.
Nothing new was neither created nor destroyed and
all its inhabitants –planets, stars and comets— moved along
circular trajectories. Heavenly bodies didn’t need wrinkle
creams: they could show off their skin as smooth as a baby’s
bottom.
But then tragedy came. Someone called Galileo Galilei took the toy that the Dutch craftsmen had invented, the
blessed telescope, and didn’t have anything better to do
than to point it at the sky. This is what he discovered:
— That the skin of the Moon was extremely similar
to the forehead of a teenager with acne. Its craters
and mountains were just like the ones on the surface of the Earth.
— That Jupiter had satellites that didn’t spin around
the Earth.
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— That there were thousands of stars that couldn’t
be seen without using the telescope.
— That Saturn had sticky-out ears (some time later
Christiaan Huygens, using a better telescope, realised that they were rings).
— That Venus and Mars showed different phases,
just like the Moon, which proved that they spinned around the Sun.
Conclusion reached by those in favour of geocentrism: the telescope was telling magnified lies. Common
sense was enough to realise that. Why would God take the
trouble to create millions of stars that couldn’t even be differentiated at first sight? Thank goodness. It had all been a
bad dream.
Aristotelians didn’t realize that they were becoming
dinosaurs, and that Galileo’s discoveries were the meteorite
that was going to lead to their extinction.

Time in his hands
It seems quite clear that Galileo loved dropping things to
see what happened to them. The experiment of the Tower
hadn’t been enough for him. Now he wanted to find out
everything he could about the way bodies fell, determine
what their speed was and how far they advanced at each
instant.
For example, imagine that you drop your gameboy
from the top of a skyscraper. How far down would it be one
second after? And after one second and a half? How long
would it take its precious microchips to kiss the ground?
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Answers like: ‘soon’, ‘in just a little while’, ‘quicker than the
blinking of an eye’, sound pathetic.
Galileo wanted to add numbers to that crash. And to
nature itself.
His main problem came from the measurement of
time. These days anyone can get a digital chronometer, a
video camera with a ‘slow motion’ function, a ping-pong
ball and impress everyone else with the experiment. But the
latest technology from the 16th century couldn’t offer much
more than hourglasses or sundials. And, well, you just try to
take your pulse with one of those and see if you can.
So Galileo took a ball, he dropped it and… how was
he going to measure its position and its speed as tenths of
a second passed, if it only took a blinking of an eye for it to
crush his foot? Well, as he always did, by being cleverer
than everyone else.
To begin with, he created his own slow motion camera: an inclined plane. If he put a ball at the top of a track to
make it roll along a diagonal down to the floor, he could
control its speed. If he put the track in a vertical position he
had the free fall again: as he decreased its slope, he reduced
the speed of the descent. In the extreme case of putting it
in a horizontal position on the floor, the ball stayed still.
However, there was still the problem of measuring
time. This is an aspect that historians don’t agree about.
There are some who say he used a sophisticated water clock: at the same time that he dropped the ball, he
opened the tap at a deposit and the liquid flowed through a
little tube all the way to a small container. As soon as the
ball reached the finish line, he closed the tap. By weighing
the accumulated water, he could compare times. Galileo
boasted that with this tap-clock he could even measure
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tenths of second. Many modern investigators didn’t take his
opinions on this very seriously, until in the 1970s a young
American man imitated the experiment in his student flat
and reached the same level of precision.
There is another more beautiful version of this experiment, which combines Galileo’s three big obsessions: music, physics and mathematics. An investigator proposed this
version after decoding the small handwriting in one of his
notebooks, filling in the gaps by using his own imagination.
We have already seen how Galileo was a virtuoso playing
the lute. He placed many guitar strings on one track, perpendicularly to the trajectory of the ball, in such a way that,
as it moved along, it touched them and made them vibrate:
pong, pong, pong.
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He first put the strings at equal intervals. As the ball
rolled downhill, it went faster, and the pongs became more
frequent. Then he increased the distance between each
string and the next, so that the times between pongs were
equal. How did he time them to know they were identical?
Well, he played the lute at a crazy speed. A very skilled
player could keep a prestissimo tempo, at more than 200
notes per minute (by doing so he improvised a musical
clock with intervals that were shorter than one third of a
second). When he managed to adjust the strings on the
track so that their vibrations would coincide with the
rhythm of the music, he measured the separation between
them.

These days we would express it using this beautiful
formula:
1
s = — at2
2
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Where s is the space or distance travelled by the ball,
t is the time it takes to reach the bottom and a is the acceleration of the ball.
If we look at the slope each second, we will have:
s0 = 0
1
s1 = — a
2
s2 = 2a

9
s3 = — a
2
s4 = 8a

To find out what the distance travelled is for each second:
a
s1 – s0 = —
2
a
s2 – s1 = 3 · —
2

a
s3 – s2 = 5 · —
2
a
s4 – s3 = 7 · —
2

And that way we can see how, in fact, that distance
increases following the sequence 1, 3, 5, 7…
1
With the formula s = — at2 Galileo could now
2
explain everything about falling bodies, without simply
using expressions such as: ‘it’s going very fast’, ‘it’s a bit
faster now’, ‘oh, now it’s going really really fast’… He could
now say with complete certainty: ‘it’s twice as fast now’, ‘in
two seconds’ time it will be here’, ‘in three seconds’ time,
there’… He had managed to explain nature by using numbers. And without using digital chronometers.
But even so, the results he obtained were not very
precise, among other things, because he didn’t take into
account the friction between the ball and the surface of the
track, or the spinning of the ball around its own axis.
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Coded messages
Every time you turn on your computer or surf the Internet,
an army of secret messengers is at your service, to guarantee that no intruder can find out things about you that you
don’t want them to know. The idea of camouflaging words
in order to protect information is not new. Encryption is as
an art which is almost as old as that of poisoners.
The trick is always the same: jumbling up letters from
a text until they are unrecognisable. However, there must
be a method in which they are jumbled up, so that we can
later unjumble them and recover the original message. That
way, it will seem an indecipherable enigma to everyone except to those who share the code.
The basic rules of the game consist in modifying the
order of letters (transposition method) or substituting them
for other symbols that represent them (substitution method).
People who are very distrustful will combine both methods
once and again.
The villain in our story, Ugolino, used a classic
transposition method to compose his sinister messages.
Let’s take a look at the disgusting notebook where he
gathered all the instructions he gave to the poisoners in
his league:

126

Poisoning Galileo

Instructions to code messages

Message that we want to code:
Gold. Giovanni Gonfiori. Capricorn
As you can see in the picture below, we need to fit the
letters in a matrix with seven columns and as many rows as
we need, and transpose them by following the pattern indicated by the arrow.
G O L D G I O
O G I N N A V
N F I O R I C
R O C I R P A
N
Afterwards, to create the coded message, we read the
matrix, following the direction of this second arrow:

Ovcapiaignrriondliicofgogonrn
Finally, we need to break the sequence every five letters
to make words that we will write beginning with capital letters:
Ovcap Iaign Rrion Dliic Ofgog Onrn
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Instructions to decode messages

We start by taking the message that we want to decode:
Ovcap Iaign Rrion Dliic Ofgog Onrn
We count the number of letters (29).
We divide it by the number of columns in the matrix:
30 7
24
Using this information we will create the decoding
matrix. The quotient (4) indicates the number of full rows it
will have; the remainder (1) is the number of letters that will
be left in the last row.
If the quotient is an even number, we will place the
letters in the last row, together, on the right. If the quotient
is uneven, they will be placed on the left.
In our case
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We write the message by following the direction of
the arrow:

O I G D L O G
V A N N I G O
C I R O I F N
A P R I C O R
N
And we read it by following the direction of this arrow:

Notice that the coding matrix and decoding matrixes
are specular images. This means that each of them would
be the reflection of the other one in a mirror. The same
thing happens with the arrows for reading and writing.
Galileo couldn’t know that Ugolino’s matrix had
exactly seven columns, but as he suspected the type of coded message it was, he tried with matrixes of six columns,
eight, five… until he obtained a text that made sense.

The enemy at home
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In the 17th century, there was a peculiar custom among
astronomers: they announced their discoveries by using coded
sentences, which they inserted in letters sent to some of their
prestigious colleagues. They used anagrams. Anagrams are
very peculiar transpositions: the new order in which the letters
are arranged needs to make sense too. For example, you can
reorder the letters in the word Laponia to compose another
word: pianola. When they still weren’t sure about their discoveries, they inserted their anagram in a message, with the
hope they would become confirmed in later investigations. If
they were proved wrong, no one would find out. If, on the
other hand, they were proved right, they solved the anagram
to prove that they had been the first ones to come up the idea.
In September of 1610, Galileo sent a letter to the astronomer and mathematician Johaness Kepler (1571-1630),
where it could be read:
Haec immature a me iam frustra leguntur o. y.
Which in Latin, the scientific language of that period,
meant: ‘In vain I read these things, still immature’.
If we ask the letters to change their positions and
smile at the camera, here’s what we get:
Cynthiae figuras aemulatur mater amorum
Which means: ‘The mother of Love imitates the figures of Cynthia’. The mother of Love is Venus and Cynthia
is an epithet that is used for the Moon goddess, who had
been born on Mount Cynthus. That is: ‘Venus imitates the
figures of the Moon’. A poetic way to indicate that the planet has different phases, just like our satellite.
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When it came to playing with the order of things, and
transforming some symbols for others, mathematicians
were always the best. They only had to assign one digit to
each letter and they could start operating with them. We
have tens of different reversible operations to choose from.
If you add a number to another one, you transform it. You
can also undo what you have done by subtracting. But if
you don’t know the number that you have to subtract, you
won’t be able to know what the initial number was. You can
also use multiplications, divisions, powers, roots…
And there are some infinitely sophisticated devices
that can transform the messages from your e-mail account
into troops of numbers. They disfigure them by using sets
of operations (called algorithms), and that way they travel
through cyberspace, without letting curious people know
their content, until they arrive, safe and sound, to one of
your friend’s inbox. When they get there, the numbers
cross the mirror of algorithms one more time, and that way
they recover their original appearance.
At the very heart of one of the most popular encryption systems, the RSA system, there is a problem that may
sound familiar to you: breaking down a number into prime
factors. You have probably done it in one of your Maths
lessons, to simplify fractions. For example, 105 = 7 · 3 · 5.
If you are capable of finding the prime factors of a number with more than three hundred digits in a reasonable
amount of time (less than a million years, for example),
you could outwit the security measures of your web browser or the ones used by online banks.
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Repeat the experiment of the Leaning Tower
Don’t worry, you don’t need a plane ticket to Pisa, and you
don’t need to run to your nearest Chinese shop to buy a
Galileo kit, with a ball made of lead and another one made
of oak wood. You don’t need to phone the NASA either, to
see if they can fit you in one of the trips to the Moon that
they no longer do.
As it’s not easy to use a tower, we will imitate the
experiment at your own home, by using a one euro coin
and a small disc of paper.
The disc’s diameter needs to be a little less than that of the
coin. For that purpose you can draw with a pencil the outline of
a two cent coin on a piece of paper and then cut it out.
Now imagine that you’re on top of the Leaning
Tower. Take a deep breath, because you’ve had to walk up
296 steps on your way to up here (no, there isn’t a lift).
Ready?
Try to look awake and a little arrogant, like Galileo
did, hold the coin in one hand and the disc in the other one.
Hold your breath and… drop them at the same time from
the same height.
Which of them touches the ground first? Are their
falling movements the same?
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You can repeat the experiment many times, changing
the coin and disc from one hand to another, so as to make
sure that the results of the first try were not just a coincidence.
Now, let’s eliminate the effect of the air resistance on
paper. Put the disc on the one euro coin and drop them.
If you don’t want the euro to flip over in mid-air, you
will have to spin it. What happens then?

Mm… you could suspect that there is something fishy
here.
Couldn’t it be that the air currents are somehow making the disc of paper get stuck to the coin?
All right. Now put the disc on the coin one more
time. Now hold the euro by its edge and, making sure you
don’t touch the paper, throw the coin down very fast, vertically. You will see that it leaves it behind and they aren’t
stuck anymore.

Will you dare to…?
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Conclusion: when the air resistance doesn’t affect the
disc of paper, this one doesn’t fall any slower than the coin.
Another way to unveil the invisible presence of air
consists in taking a piece of paper and dropping it. Now try
doing the same after crushing the piece of paper into a
compact ball.
Does it fall faster now?
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Regardless of whether it is crushed or not, the mass
of the piece of paper remains the same. The only thing we
have done is change its shape. When it’s crushed, the
amount of surface in contact with the air is smaller. Therefore, there are less molecules clashing against it than with
the extended piece of paper, and so it doesn’t slow down so
much.
It is very surprising to know that two bodies with very
different masses, such as an astronaut and the Moon, are
attracted by the Earth with the same intensity. It would still
take a few centuries until someone could solve the mystery.
Someone who automatically entered in the league of the
most intelligent people of all time: Albert Einstein. The
story about how he achieved it doesn’t fit in this book, and
we will have to wait until we tell it in another one.

