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Scientists Time Line
Aristotle (384 322 BC)
Claudius Ptolemy (140 AD)

Nicolaus Copernicus (1473-1543 AD)

Tycho Brahe (1546-1601 AD)

Johannes Kepler (1571-1630 AD)

Galileo Galilei (1564-1642 AD)

Isaac Newton (1642-1727 AD)

Aristotle's Universe
Aristotle proposed a finite, spherical universe, with the earth at its center. The central region is made up of four elements: earth, air, fire, and water. He would hope to see harmony and perfection in the heavens that fit his philosophy--thus, the motions of celestial bodies are perfect circles.
The Ptolemaic Universe

illustration

Retrograde Motion of Planets

illustration

Geocentric & Heliocentric Descriptions

illustration

Ptolemy’s Geocentric Theory

A good theory should explain what is observed and be able to make predictions.

Planets move in circles called epicycles.

The center of the epicycle moves in a circle called a deferent. Eighty epicycles are needed to fit the observations then existing.

To make theory match prediction, Earth isn’t exactly at the center of the deferent.
The test of all knowledge is measurement

Ptolemy’s theory explained the retrograde motion of the planets

Predicted future locations of the planets

Copernicus Heliocentric Theory

Copernicus sought to explain the retrograde motion of planets using a heliocentric solar system. 

He still assumed perfect circles for the orbits of planets (with the Sun at the center of the orbits).

He could calculate

the relative distances to the planets

the orbital periods of the planets

Predictions of the future positions of planets were not much better than those from the Ptolemaic model

Mars’s Apparent Motion Against Background Stars
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The Copernican Universe

illustration

Reaction of Contemporaries

Martin Luther (1483-1546): [Copernicus] “is a fool who wishes to reverse the entire scheme of astronomy; but sacred scripture tells us that Joshua commanded the Sun to stand still, not the Earth.”

Conservative who wanted to reform Church by returning it to a simpler, less corrupt time.

Agitator for the abolishment of indulgences (payment to lessen time of deceased in purgatory).

A founder of the Protestant branch of Christianity. 

Reaction of Contemporaries

Response of Catholic Church to threat posed by the Reformation Movement:

At first, tolerance of dissent and liberal treatment of new ideas.

Later, institution of the Counter-Reformation and the Inquisition.

Giordano Bruno (1548-1600): burned at the stake for advocating that stars are suns in their own right, and that there is a plurality of worlds like the Earth.

Galileo (1564-1642):

Construction of first astronomical telescope.

Observations of phases of Venus, moons of Jupiter, stars of Milky Way, sunspots.

Giordano Bruno burned at the stake in 1600 for publishing these thoughts:

"Innumerable suns exist; innumerable earths revolve around these suns in a manner similar to the way the seven planets revolve around our sun. Living beings inhabit these worlds."
Tycho Brahe (1546-1601 AD)

Tycho Brahe had ideas for a new model but recognized the need for more precise measurements.

He devoted his life to making more precise measurements of the positions of stars and planets.

He built the first modern observatory

He amassed records of planetary positions from 1576 to 1591

His observations were 2.5 times more accurate than any previous records

Johannes Kepler (1571-1630 AD)

Kepler believed the Copernican model and sought to prove that it was correct using Brahe’s data for the positions of the planets.

He found that

Planets orbit in elliptical paths (not circles!) with the Sun at one focus of the ellipse.

A line from the Sun to a planet will sweep out the same area in a certain time interval, regardless of where the planet is in its path.

The ratio of the (period)2 to (semi-major axis)3 was the same for every planet.

He described the planets’ orbits, but could they be explained?  Kepler answered “What?” but didn’t know “Why?”

Galileo, the birth of Astrophysics

Galileo Galilei  (1564-1642 AD)

scientist and outspoken supporter of Copernicus’ heliocentric model

lived and worked at the time of Brahe and Kepler

Galileo's Early Life
Galileo was born in 
Pisa,Italy on 
February 15, 1564. His father, Vincenzo Galilei, was a musician. Galileo's mother was Giulia degli Ammannati. Galileo was the first of six (though some people believe seven) children. His family belonged to the nobility but was not rich. In the early 1570's, he and his family moved to Florence..

Galileo and the Pendulum
In 1581, Galileo began studying at the University of Pisa, where his father hoped he would study medicine. While at the University of Pisa, Galileo began his study of the pendulum. while, according to legend, he watched a suspended lamp swing back and forth in the cathedral of Pisa. His most notable discovery about the pendulum - the period (the time in which a pendulum swings back and forth) does not depend on the arc of the swing (the isochronism). Eventually, this discovery would lead to Galileo's further study of time intervals and the development of his idea for a pendulum clock.

Galileo’s Family Life

Galileo was never married. However, he did have a brief relationship with Marina Gamba, a woman he met on one of his many trips to Venice. Marina lived in Galileo's house in Padua where she bore him three children. He spent 18 years here as a math professor. His two daughters, Virginia and Livia, were both put in convents where they became, respectively,Sister Maria Celeste and Sister Arcangela. In 1610, Galileo moved from Padua to Florence where he took a position at the Court of the Medici family. 

Galileo’s Physics Experiments

Performed many experiments on the motion of falling bodies (Pisa’s Leaning Tower)

Showed that objects of different mass dropped from the same height will fall to Earth at the same time (neglecting air resistance). Disproves Aristotle.

Galileo’s Telescope

He was among the first to use a telescope to observe the sky and publish his observations.

Observed:

Mountains and valley on the Moon (like Earth).

Spots on the Sun and Solar rotation (imperfect Sun).

Phases of Venus

Moons of Jupiter

The Moons of Jupiter

The discovery of these moons proved that at least some things did not go around the Earth.

These 4 moons were later named the Galilean satellites in honor of Galileo.

Phases of Venus

We only can see Venus due to reflected sunlight 

We should only see crescent phases of Venus if Venus went around the Earth.

 Instead we see almost all of the phases. Venus can’t orbit Earth.

The Starry Messenger

The “Sidereal Messenger”(1610) raised some eyebrows. When Galileo goes to Rome, he is warned by the Inquisitor: “not to teach, write, or defend the Copernican views.”

The Edict of 1616 essentially states the Church’s anti-Copernican viewpoint. Galileo has support from his friend, Cardinal Maffeo Barberini, so he is not terribly worried.

Edict of 1616

The Edict of 1616 labeled the Catholic Church as anti-science and anti-intellectual.

Galileo feels he can still discuss the Copernican view hypothetically because the Edict does not specifically mention him or his writings. 

“The Assayer” 1622

Galileo’s second major work to be published.

Debate over 3 comets  which had appeared in the sky.

Cleverly dedicated to Barberini - who has just become Pope Urban VIII!

Galileo and the Church

Sermons were preached against “Galileists” in Florence; there were complaints that he “defiles the dwelling place of the angels by seeing spots on Sun and Moon, and lessens our hope of Heaven”

For if Earth was merely a planet and planets so many earths, what was the difference between the Earth and Heaven?

Pope Urban VIII

Restored Italy as a place where  “intellectual freedom” abounded.

Enjoyed discussing science with his good friend, Galileo.

Gave permission for the Dialogue, provided it was hypothetical

The Dialogue 
On the two chief systems of the world,
Ptolemic and Copernican
1632

Ptolemic or Geocentric

Earth was the center of the universe

Supported by the Catholic church in Galileo’s time

Copernican or Heliocentric

Sun was the center of the universe

Supported by Galileo’s observations of the heavens

Three Main Characters

Salviati ~ Galileo’s “voice” in the Dialogue

Sagredo ~ the neutral party 

Simplicio ~ the fool who promotes the Earth - centered universe theory

The Dialogue

Widely read because it was in Italian

It was really a disguised discussion of the theories of the universe using the 3 fictional characters

The debate is left unresolved so Galileo feels “safe”

The Consequences

Pope Urban VIII feels personally betrayed.

“He did not fear to make sport of me.”

People convinced the Pope he was meant to be Simplicio.

The Inquisition

The Inquisition was a permanent institution in the Catholic Church charged with the eradication of heresies. Unlike many other religions (e.g., Buddhism, Judaism), the Catholic Church has a hierarchical structure with a central bureaucracy. In the early years of the church, there were several competing sects that called themselves Christian. But after the Emperor Constantine I (280?-337 CE) made Christianity the state religion of the Roman Empire and the local administrative structures were pulled together into one hierarchy centered in Rome, doctrinal arguments were settled by Church Councils, beginning with the Council of Nicea in 325 (which formulated the Nicean Creed). Those whose beliefs or practices deviated sufficiently from the orthodoxy of the councils now became the objects of efforts to bring them into the fold. Resistance often led to persecution.

The Trial 1632

Galileo summoned to Rome and put before the Inquisition.

After several long interviews, it was determined that Galileo had violated the Edict of 1616.

Dialogue placed on Index

The book remained prohibited for 200 years.

Galileo forced to recant his views on the Copernican theory. 

Galileo sent to Siena and placed under house arrest.

Penance

He was ordered to say the 7 penitential psalms once a week for 3 years.

His beloved daughter, offered to say the psalms for him.

She dies in 1634.

“Two New Sciences”  1638

Galileo’s last work published in Leiden, Holland

Foreshadowed the work of Issac Newton

He used the same characters and literary format as in The Dialogue

Galileo Dies 1642

Buried in the side chapel with no public recognition

When body was exhumed in 1737, the body of his daughter, Sister Marie Celeste, was found there as well, and both were moved to the main chapel.

Galileo’s Legacy

He helped lay the foundation of the scientific method. Most influential combination of experimentalist and theorist world has ever seen.

The feud he had with Pope Urban VIII is one of the most important science v. religion clashes of all time. On October 31, 1992, 350 years after Galileo's death, Pope John Paul II gave an address on behalf of the Catholic Church in which he admitted that errors had been made by the theological advisors in the case of Galileo. He declared the Galileo case closed, but he did not admit that the Church was wrong to convict Galileo on a charge of heresy because of his belief that the Earth rotates round the sun.

 The events of his life makes you think about freedom of thought and freedom of speech

The events raise the question of who should make certain decisions (should politicians be the ones deciding about stem cell research, for example?)
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Test Question

· Describe several contributions to science Galileo made. 

· Discuss these contributions in the context of the scientific method (observations, hypothesis, collection & analysis of data, conclusion) 

· Also include in your discussion the historical and cultural context in which these discoveries were made.

