Ch 6: Galilei
Galileo Galilei (1564-1642)

· He observed the sky with a telescope and widely circulated his detailed observations.
· His discoveries contradicted Aristotelian beliefs and supported heliocentrism
· Made people believe earth moves

The Refracting Telescope:
· Invented in Holland in 1609, the first telescope used the principle of refraction (the bending of light rays as they pass from one medium to another, e.g. from air to glass)
· Made the far things closer while looking at the tube closer (Different than microscope)
· In a Galilean refractor, the primary lens send more light to the eye tehn the eye would receive on its own, while the eyepiece re-focuses the rays for the eye.
· Brings the lights that normally doesn’t get to us
· Get as much light as possible
· The concave to make the light  be parallel as they left the planet
· Small and faint images in the far objects
· The eye ball only sees the green, not red or blue
· In a Keplerian refractor, the eyepiece is convex, which sends (inverted) light from a larger region of sky to the eye
· Most modern refractors are Keplerian (they produce larger and brighter images)
· The faint images are better and all of the colours are coming to the eye
· Keplerian is bigger and brighter
· In Galileo’s early work, he revealed fallacies in Aristotle’s theories about motion; e.g., he proved: all objects, regardless of mass, fall at the same rate.
· Aristotle thought that the heavy objet should be going to the earth faster (earth) element and he was wrong
· Galileo was a revolutionary thinker
· Prior to the telescope, Galileo admitted his heliocentrism in letters to Keple, but he would not support it publicly.
· In 1600, Giordano Bruno, a Copernican, was burned at the stake for heresy, sending a strong message about the ruthlessness of the Roman Catholic Church in defending its beliefs
· Because the Earth moves (Copernican)
· But the punishment was more then just he was Copernican
· Very rare punishment

7. Galileo’s Observations:

· His sketches of the Moons surface revealed that the celestial bodies are not perfect unblemished spheres.
· It was previously believed that the moon was perfectly flat and perfectly smooth, but later found out by the sketches of telescope that there were not flat
· These are due to the crashes of rocks in the solar system which left marks
· He saw that the Milky Way is not atmospheric (as Aristotle taught), but the combined light from millions of stars
· Aristotle said it is in the atmosphere
· Galileo saw millions of stars
· Milky Way is not cloud but just stars
· He saw that planets have a dish-like appearance, while the stars remained point-like. This showed: stars may be much more distant than planets, as suggested by the lack of detectable stellar parallax.
· The stars are 100 times smaller than planets and so they are 100 times more distant
· The earth must be moving
· He discovered Jupiter’s four brightest moons. This showed: If Jupiter can move with its moons, so can Earth
· The 4 small stars weren’t stars but the moons
· Found the new member of solar system
· Galileo witnessed the planet and its 4 moons all move around the sun, so the Earth can too
· Now discovered 63 moons around Jupiter
· The space craft (called Galileon) sed close to Jupiter and took good picturs and caused discoevries
· Recent cracks on the ice, might be due to the pressure from water
· He saw that Venus exhibits size and phase changes ( all phases except Full). This is only possible if Venus orbits the Sun (as in the Copernican & Tychonic models).
· (Thus made the Ptolemaic model obsolete, since gibbouses aren’t possible if Venus never reaches the Sun’s opposite side).
· This is not due to the phases, but the position around the sun and hw e see them
· The phases due to the position around the Sun
· From our side of sun to the other side
· The position versus the earth’s was ssen (smaller when far)
· He proved that the Venus was moving, but didn’t prove Earth eas moving yet
· Ptolemy’s model was wrong that cresecent only, but when galileo saw gibbous he proved Ptolemy was wrong
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· He couldn’t distinguish phase in the outer planets, since only full and gibbous phases are possible (outer planets are never between Earth and sun). 
· We can never see the crescent side of them, since they cannot get between sun and earth
· The distinguishing was hard, since hard to know the difference by eye
· Still no proof Earth was moving, but Ptolemy wasknown to be wrong
· He saw appendages on either side of Saturn. He could not resolve them into rings, but he still showed: not all celestial bodies are  perfect spheres
· He saw two moons beside the saturns, the same distance from it, due to the sulmintinous disappearing of both, they could not be moons
· A decade later, it was realized : the periodic disappearance of Saturn’s rings is due to our changing view of their tilt.
· The triangle ears were not known what they were
· Huygens realized later that they were rings
· The plane of the ring was at a tilt to the earth’s moving plane, when the earth goes at the same level of the Saturn, the ring cannot be discovered, and seen like moons
· His observations of the Sun suggested that sunspots are blemishes on the Sun’s rotating surface (more evidence of imperfections in celestial bodies)
· Galileo observed the sun (not directly) but with a mirror and a simple device
· The dark spots were seen on the sun
· It looked like they were attached to the Sun
· People still believed the perfect circles of planets
· The evidence of Galieo was not accepted by church.
· The blemishes were talking a few hours in difference
· The distance between the dark spots decrease (compressed) and this could not be clouds
· The spots at the edge of the circles look more compressed, since we see them in 2D, but they are actually 3D
· The dark spots showed the imperfections of the celestial bodies
· The earth wasn’t the only imperfect planet, why would it be special and in the middle?
· Galileo’s vocal support of Copernicanism invoked opposition from the Catholic Church, which held to the geocentric statements in Scripture.
· The church didn’t believe earth was moving, bible shows 3 signs
· Freezing sun: freeze time
· The sun rising and going down
· Earth is fixed
· No where in the bible it says that the earth is the part of the moving planets
· This led to the banning of Copernicus’ book and Galileo’s papal ban (in 1616) not to ‘hold or defend’ heliocentrism.
· He writes a letter to the church wince he was known to be the enemy n the church
· He said people didn’t believe the bible properly, not take it literally
· But, his letter had different effect
· The Galileo’s work didn’t have enough evidence that the earth was moving and the sun in the middle, he just supported it
· This is the why pop didn’t believe it when did a review
· The geocentrism became the church rule and heliocentrism became illegal (opposite effect of etter)
· When his friend became pope, Galileo published “Dialogue on the Two Great Worlf Systems” (1632), a fictional debate between a Aristotelian, a Copernican, and a referee.
· Galileo published, but he had to be careful not to go against the law
· When final copy was finally published
· The fiction consisted a  geocentrism (church voice), heliocentrism (galileo voice) characters and referee.
· The Aristotelian (‘Simplicio”) was portrayed as a fool who spoke pope’s words, while the Copernican was wise and witty.
· The church’s voice was seen a s simple but galileo was seen as smart and the referee was the church person who was inetersted in galileo’s work and open to it
· This looked bad on church
· The book included Galileo’s (incorerect) argument that Earth’s ocean tides are prrofof Earth’s motion, a theory that the Pope had previously rejected. 
· He said that the water is moving around as Earth moves around the sun (like eater in the Boat)
· This was wrong
· This damaged his reputation
· Since the pope said didn’t want the idea to be published but he still did in the book and used the exact words in the Pope’s character (pissed off his friend)
· The inquisition sentenced Galileo to house arrest for life and to publicly recant heliocentrism as heresy. His books were banned
· He published a physics book outside the Italy and that wah imp. For newton and Einstein. The father of physics
· Despite this, his telescope observations were widely circulated, and heliocentrism gradually became accepted after his death
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