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Galileo Galilei (1564-1643)

» Born in Pisa, oldest of six children of
a famous musician and composer.
Had a monastic education.

» Never married, but had three
children with his mistress.

» Worked as a professor of
mathematics, University of Padua in
Venice, and later mathematician and
philosopher of the Medici court,
Florence.

» Argued for the realist acceptance of
the Copernican system.

> Developed a number of new
sciences using a combination of
mathematics and experimentation.
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Bertini, 1858, Galileo demonstrating his telescope to the Duke of Venice



Galileo’s Works

Galileo was a prolific writer, working in both Latin and Italian.
He was regarded as having very good prose style.

Works: The Starry Messenger (Sidereus Nuncius, 1610; Latin),
Letters on Sunspots (Istoria e dimostrazioni intorno alle macchie
solari e loro accidenti, 1613, Italian), Letter to the Grand Duchess
Christina (1615; pub. in 1636, Italian), Dialogue Concerning the
Two Chief World Systems (Dialogo sopra i due massimi sistemi del
mondo, 1632; Italian); Discourses and Mathematical Demonstrations
Relating to Two New Sciences (Discorsi e dimostrazioni matematiche
intorno a due nuove scienze, 1638; Italian).
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The Starry Messenger, 1610

Galileo designed his own telescope and used it to make new
observations of celestial bodies — in fact, to see things that no one
had ever seen before.

» Mountains and valleys on the surface of the moon. (He
calculated the hight of the tallest moon mountains.)

» Glow from the earth on the dark side of the moon.
» Many more stars than before. The details of the milky way.

» Satellites (moons) of Jupiter, which he named the Medician
Stars.

» Later, he used the telescope to observe the phases of Venus.

Galileo published the Starry Messenger just couple of months
after he began his observations.
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Galileo’s own wash
drawings of the lunar
surface, found in his notes




Sidereus Nuncius, 1610
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Printed engravings of the surface of the moon in the Starry Messenger.
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Sidereus Nuncius, 1610
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The stars in the constellations Orion and the Big Dipper.
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Sidereus Nuncius, 1610

OBSERVAT. SIDERE AE
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Stella occidentaliori maior, ambe tamen valde con-
fpicua, ac [plendide :vera qua diftabac 4 loue ferupu-
Lis primisduobus; tertia quoque Stellula apparere ce-
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lulum 4 reta Septentrionem verfus deflectebat. Abe-
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occidentalesomaes: ac in eadem proxim reda lina
fpofit; quz cnim tertia 4 loue numerabatur pau-
Julum
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Images of the moons of Jupiter. (There are around 40 pages of these.)
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The Phases of Venus

Galileo was able to see
that Venus has phases,
just like the Moon.

And, presumably, just

like the Earth. \ \ \
L

This became yet 2 B

another argument . \
against the special
status of the Earth.

uuuuu
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The geometry of
phases predicted by wow ®OT
the Ptolemaic and the e ¢ ¢ ¢
Copernican systems

can be compared to the

observations.



Letters on Sunspots, 1612

Following the publication of a few
books on sunspots by German
authors (Fabricius, Scheiner, etc.),
Galileo published two letters on his
own observations and ideas.

They used camera obscura
techniques to magnify and view
the surface of the sun.

Galileo argued that there are actual | //////////// l‘

7
spots on the surface of the sun.

i e

This was another argument against A simple camera obscura
the special status of the heavenly
bodies.
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Letters on Sunspots, 1612
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Letters on Sunspots, 1612
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Letters on Sunspots, 1612
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Two Chief Systems of the World, 1632

» A highly literary dialog, in Italian.

» Galileo used three characters to discuss cosmology. Salviati
argued for the Copernican system, Simplicio argued for the
Aristotelian /Ptolemaic system, Sagredo who starts out
neutral, but, of course, becomes convinced of the
Copernican system.

» Salviati argues that the new discoveries (surface of the
moon, sunspots, moons of Jupiter, phases of Venus, etc.) all

contradict various predictions of the old system but can be
explained in terms of the new system.

> The extended argument uses a combination of disconfirming
and confirming reasoning.

» The publication of this book cost Galileo his freedom.
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Two New Sciences, 1638

» Published while Galileo was under house arrest.

» Dealt with the topics of strength of materials, and bodies in
motion.

» Book II was a kinematical study of falling bodies and
projectiles.

» Most importantly, Galileo developed mathematical methods
for showing how falling bodies accelerate (mathematically,
but not conceptually, equivalent to d = 1/2gt?), and that
projectiles move in parabolas.

> These methods were based on classical Greek geometry and
ratio theory, and were, hence, rather different from modern
algebraic and analytical approaches.
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Falling Bodies

Galileo used an inclined plane
apparatus to deduce a law of
falling bodies.

Where line AB represents the
time, t, and line EB the final
velocity, vy, then the velocity at
any point can be understood as
the line parallel to EB, and the
triangle ABE can be understood
as the distance traversed — that
is, d = %vt.

Galileo Galilei 17/22

Q




Acceleration of Falling Bodies

Galileo used this model to study
how falling bodies accelerate.

He showed that in equal
time-intervals the body will
traverse distances in the
following series 1, 3,5,7,9, ...

Note that this is a rather
different conception than our
modern formulation,

d = 1/2¢t?, although they are
mathematically equivalent.
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A page from Galileo’s notes dealing
with the acceleration of falling bodies.
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Projectile Motion

Galileo then showed

. . . £ a c b
that if a motion is — [
composed of f s
constantly accelerating
motion down and A !

constant motion in a
straight line, it will "
produce a parabola.
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A page from Galileo’s notes treating
projectile motion
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Overview

Galileo argued for the reality of the Copernican system — that
his discoveries proved that the Aristotelian cosmos was false.

» The Moon has a surface like the Earth; so, the Earth is
physically like a heavenly body.

» There are moons around Jupiter; so, the Earth is physically
like another planet.

» The Sun had spots; so, the heavenly bodies are not perfect.

» Venus receives its light from the sun; the geometry of its
phases agree with predictions from the Copernican system.

Galileo established a new mathematical science of motion, which
would form part of the core of Newton’s theory of motion.

» He argued for the existence of inertial systems —such as a
moving ship, or galloping horse, in which the parts of the
system are stationary relative to one another.

» He argued that bodies in motion could be modeled with
well-known geometric curves.
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