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Chapter 1
THE PENDULUM'

Galileo Galilei was born in Italy i in the year 1564. His father had
a small business in the city of Pisa’ This city is in the north of
Italy near the sea.

He had two brothers and four sisters, but they were born
after him! He was the oldest child in the family.

In 1572 his father sent him to school. ‘You're eight years old
now,” he said, ‘and you're a clever boy. Work hard at school and
don’t waste your time. If you work well, your teacher will help
you. Perhaps you'll be a doctor one day.’

Galileo was certainly the cleverest pupil in his class, so his
teacher was pleased with him?® He was clever with his hands, too®
He liked to draw and to paint pictures. He liked to play music.

In the evenings he often stayed at home and made his own
toys. They were special toys, because they were little machines.
They worked! His favourite machine could raise heavy things off
the ground?

At mght he sat outside and watched the stars, His young head
was full of " strange ideas. His friends laughed at him. ‘Galileo is
dreaming again,’ they said. They were wrong, of course. His
thoughts were far, but he was not dreaming. He was trying to
explain things to himself.

Does our world look like the moon? Are the stars nearer than
the sun? His teacher could not answer questions like these.

‘When you’re thirteen,’ said his father, ‘I'll send you to a
better school. There is a famous school at Vallombrosa''near
Florence!’ The teachers there are very clever, so they will be able
to answer your questions. They will help you to get a place in a
umversny, too. If you want to be a doctor, you’ll have to go to a
university.’

The Galilei family left Pisa and made a new home in Florence.
Galileo did not like his new school very much, but he loved
Florence. He thought that it was a wonderful city. The river
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Arno ran through the middle of it. There were beautiful buildings
beside the river, and there were btautiful bridges across it.
From Florence it ran down to Pisa. Then it reached the sea.

At that time Italy was not one country. It held many different

states. Florence, Vcniceli Milanl:i Naplc‘; and Rom(‘eﬂ were the
centres of important states.

The Pope‘owned a large state in the middle of Italy. Its
centre was Rome, and the Pope lived there. He was the leader
of the Roman Catholic Church” He is still its leader, of course.

Before 1500 this was the only Church in West Europe, so it
had great power. Then many countries began to free themseives
from its power. They formed their own Churches. England,
Holland*Denmark® Sweden”and half the states of Germanyswcrc
among them. But in Italy the Church still had very great power
in Galileo’s time. The schools and universities were in its hands..
It did not like some scientists’ ideas, so it did not allow them to
teach. Also it did not allow them to sell their books.

Florence and Pisa were in the state of Tuscany. The Grand
Duké'owned the state. He lived in Florence, and he was one of
the Medici familyz.s The Medici were leaders of Florence for
three hundred years. The Grand Dukes always liked new ideas,
and later they were good friends of Galileo.

The years 1400 to 1603 were an important time in Europe.
Artists and scientists were forming new ideas. Teachers and
writers were thinking new thoughts. The best artists and
scientists Jived in Italy; so clever men came from many countries
and worked in Italian universities.

In some countries artists had a hard life because they were
poor. But in Italy the Popes and the great families liked to help
them. They gave them work and money. So the artists often
painted their best pictures in churches and in great men’s
houses. The Medici family gave them special help.

Before 1400 Florence already had the best artists in Europe.

She had famous writers, too, like Dante and Boccaccio® But her
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greatest artists appeared when Lorenzo de Medici was leader of,
the state, in 1469 to 1492. Their names were Leonardo da Vinci,
Michelangelo' and Botticelli®®

Leonardo was a poor boy, but Lorenzo gave him work to do
and books to read. Soon he was the greatest artist and scientist
in the world. Michelangelo and Botticelli received the same help.
In Lorenzo’s house they learnt to paint. They practised on his
walls“and in his churches. R

Leonardo and Michelangelo also learnt to make sculptures
there. They made beautiful figures of stone. If you go to
Florence today, you will see their sculptures and their
pictures.

Galileo saw these things too. Like Leonardo, he was poor.
After two years he had to leave the school at Vallombrosa. The
teachers wanted to train him for the Church, but his father said,
‘No. He is my oldest boy. When 1 die, he will have to look after”
the family. If he works for the Church, he will always be poor.
Honest men don’t get rich in the Church. My Galileo is clever
enough to be a doctor.’ '

Now he needed a rich helper, but he was not an artist like
Leonardo. He only had ideas, and they were still in his head”
So he had to work at home with his books.

He also used to visit the public library. The Grand Duke built
this library in 1571, and he filled it with books for scientists and
teachers.

But Galileo had one real friend, the teacher at the Pisa school.
With this man’s help he was able to go to Pisa university. He
was now seventeen years old. Soon every teacher in the university
knew him. Some did not like him, because he was too clever for
thent. :

“You ask too many questions,” they said. ‘You're only a boy.
You must listen to us and you must accept our ideas.’

‘Some teachers have wrong ideas,’ replied Galileo. ‘They say
that Aristotle was always right. But Aristotlé lived two thousand
years ago. Many things have changed since then.’

“True things do not change.’



‘I know. But Anstotle made mistakes. He onlv knew a small
corner of the world’ Men are always finding out new facts. For
example, Francis Drake has Just sailed round the world he
returned to England last year.’

‘Do you think that Drake is cleverer than Aristotle?’

‘No. But men like Drake and Columbu$ have taught us new
facts. We must learn from life; we can’t learn from books aloné’
Some things in Aristotle’s books aren’t true.’

Many teachers were angry because he talked like this. Their
answer was always the same: “The leaders of the Church say
that his books are true. If you don’t accept the Church’s ideas,
you’ll soon be in troublé’

But Galileo did not think that this was a good answer. “The
Church gives orders,’ he said, ‘but it doesn't give reasons. In
these days men are begmnmg to think for themselves: You can’t

order them to accept ideas. You must explaim your ideas to
them, and you must be ready to answer their questions
properly.’

Galileo’s life was full of questions. He tried to answer them
himself. If possible he liked to find the answers by experiment.
He liked to welgh things and to measure them.

‘Archimedés is my teacher,” he used to say. ‘He lived a long
time ago, like Aristotle; but he made experiments and he tested
his ideas properly. He wasn’t just a writer. He was a real
scientist.’

Galileo always wanted to test his own ideas. ‘I test them with
numbers first,” he said. “Then I test them with my hands and
eyes. If they give the same answer, it will usually be correct.

‘For example, look at that pot and that box. One is round and
one is square. Which holds the bigger amount of sand? We can
measure them with a ruler and find the answer with numbers, but
men make mistakes with numbers. We can weigh them with
sand and without sand, but we use numbers for that too.

‘What can we do régxt? We can fill the pot with sand and
empty it into the box. That will give a clear answer without

numbers.’
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Of course his questions were harder than that. Vg’!hy do things
fall to the ground? Why dg they not fall up to the sky? Why can
heavy ships sit in the water? The cleverest teachers in the state
could not tell him. He had to look for his own answers.

He did not always find them, but the questions themselves
were important. Scientists were still looking for the answers to
some questions a hundred vears later.

Galileo often visited the big church in Pisa. He was not a very
good artist himself, but he loved its pictures and its sculptures.
It was quiet there, too, so he could think.

One day, when he was sitting in the church, he noticed 2
lamp. It was harging on a long ccrd: While he was looking at it,
a boy came and lit it Then the boy went away, but the lamp
was stitl moving. It was swinging from side to sidé.

That was not unusual. Things will cften swing, if they are
hanging on a ccrd. But he was watching the swings with special
care’’ “That’s strange,’ he thought. ‘Every swing takes the same
amount of time.” He pushed the lamp and watched again. At
first it made long swings. Then they grew shorter. But the short
swings and the long ones took the same time.

Galileo wanted to be certain. He wanted to test the time of
every swing. “There isn't a clock in the church,’ he said to
himself, ‘but I don’t need one. I can feel my pulsé”’

He was learning to be a doctor, so he knew the use of a puls::o.
‘Hold your arm, just above your hand,” his teacher used to say,
‘and you'll feel the pulse. It is pumping your blood. If you're
sitting, it will pump slowly. If you’re running, it will pump
quickly. Also if you’re ill, it will usually pump your blood
quickly.’

So Galileo felt his pulse and watched the swings of the lamp.
Yes. Every swing was taking the same time. 72

Then he went home. He got a cord and a heavy piece of iron.
He fixed the iron to the end of the cord!*and he allowed it to
swing. Then he tested the swings, and they were slower than his
pulse. ‘My pulse pumps seventy-two times in a minute,” he said.
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‘If T use a shorter cord, perhaps the swings will be quicker.’

He tested this idea and it was correct. Now the swings were:
quicker than his pulse; so the cord was too %hort. He tried again
and again. At last the swings were just right” The cord was
swinging seventy-two times in a minute.

“This idea could help doctors in their work,” he thought. He
made a small machine, and he showed it to his teachers. They

were pleased;s

‘You wind this cord round the top of the machine,” ke told
them. “You fix this iren to the bottom of the cord, and you allow
it to swing. If you want a shorter cord, you wind it up. If you
want a longer cord, you wind it down’’

“There’s a mark on the cord; and there are numbers on the
machine. When the mark is beside number 73 the cord will
swing seventy-two times in a minute. When it’s beside number
80, it will swing eighty times. This cord is the pendulum of the
machine. It must hang freely and swing freely. Don’t move the
machine while the pendulum is swinging.’

With this machine a doctor could measure a man’s pulse
quickly and correctly. Galileo made many copies of iff!and he
sold them to doctors. In 1607 a doctor at Paduauuniversity
wrote a book about his own work, and he showed pictures of
Galileo’s machines. There were three kinds. The best one had a
face like a clock.

In our own days doctors have watches, so they do not need
that kind of machine. But then they did not have watches. There
were only big clocks, and these did not keep correct time.

Later Galileo needed a goed clock for his experiments. He
thought about this for a long time; then his first peadulum gave
him an idea.

For his new pendulum he did not usc a cord. If you pull a,
cord too much, it will get longer. So now he used a light metal.
He took a thin bar of this metal, and he fixed a small piece of
iron to the end.
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‘I can move the iron up the bar,” he said to himself. ‘1 can fix
it at any place on the bar. When it’s at the bottom, the bar will
swing slowly. When it’s higher, the swings will be faster. At the
top they will be much too fast.’

Then he fixed a large picce of fron to a cord, and he wound
the cord round a wheel. The iron pulled the cord down and
turned the wheel.

The wheel had teeth” Men bite food with their teeth, but this
wheel had- teeth for a special reason. Galileo explained it to his
friends: _

‘The pendulum has a little tongue; and this tongue goes over
one tooth of the wheel™ When.the wheel tumns, it will push this
tongue out. So the pendulum will swing to one sidé. Like this.’

He showed them. *When it swings back,” he continued, ‘its
tongue will go over the next tooth. Then the wheel will push it
out again.

“The tongue will go over every tooth, one by oné. And every
tooth will push it out again. So the wheel will turn slowly. It
can’t turn too quickly or too slowly, because every swing of the
pendubum takes the same time.’

‘How will the complete clock work !’ asked a friend.

‘I haven’t made one yet,’ replied Galileo. ‘But this wheel will
turn bigger wheels, and they will turn the hands of the clock.
The clock will keep correct time, because the swings of the
pendulum never change.’

Galileo never completed his clock. He was too busy with’
different experiments. Like Leonardo he had many wonderful
ideas, but he only put a few into practice®*

Leonardo drew pictures of aircraft, but he did not build one.
Galileo drew pictures of his clock, and he explained them in a
report. A few years later a Dutchman’read this report and made
the complete clock. The Dutchman’s name was Huygens”

That was the first clock with a pendulum. Since then men
have made better ones. They still make thern now. We use a
pendulum for many church clocks, for grandfather clocks and for
cuckoo-clocks®
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Have you seen a cuckoo-clock ? They make them in
Switzefland PA little bird comes out at every hour and calls the
time™"“Cuckoo! Cuckoo! Cuckoo!’ — that is three o’clack.

Many- clocks now go by electrlmty But if the supply of
electricity stops, the clocks will stop. Clocks like Galileo’s do not
stop like that, and they keep good time. Some have worked for

.two hundred years, and they are still working.

Make a pendulum yourself one day. Hang some iron on a cord
and allow it to swing. Then feel your pulse. Does it pump your
blood seventy-two times in a minute? Is it slower than your
pendulum *®

Remember Galileo, too, when you test your own ideas. How
do you test food ? You smell it and taste it. You use your nose
and teeth and tongue. You can test many things like that with
your hands and eyes. So do not only use numbers on paper.
Weigh things-and measure them. Make a proper experiment.
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