2 – The Rise of Astronomy 
2.1 EARLY IDEAS OF TH HEAVENS: CLASSICAL ASTRONOMY
Ancient Greek Astronomers of classical times were first to explain working of the heavens, using systematic manner using observations and models with the aid of logic, mathematics, and geometry
Some of these methods are still used today 
The Shape of the Earth
· Greeks knew the Earth was round 
· Mathematician Pythagoras (560-480 bc) (80) was teaching that earth was sphere, based on mystical 
· Believed that it was perfect sphere that gods made 
· By fourth century (384-322 bc) (60), Aristotle made more logical reasoning based on the naked eye by looking at eclipses and seeing that Earth shadow was curved 
· Another observation he made was that a traveling going south sees start that were hidden below the south horizon 
· E.g. Canopus seen in Miami but not in Boston, so this would not happen in a flat earth 
The Size of the Earth
· Eratosthenes (276-195 bc) (81) made measurement about size, obtained the circumference of 25 000 miles 
· He measured by considering a well in Egypt where the sun shined directly into it suggesting that it was directly above it and the sun at its highest at solstice of summer in the part of the year in Alexandria, so what he did was measure the angle between these two places assuming that the sun rays hit parallel so the angle was made from where they hit the earth to the cente (core on a 2d circle) which was 1/50 of an entire circle, approx. 7 degrees, then soldiers marching between the two points estimated the distance to be 5000 stadia (0.1 miles) so this was multiplied by 50 to get a full circle of 250, 000 stadia (25 000 miles) 
Distances and Sizes of the Sun and Moon 
· Before he did this, Aristarchus measure relative size of the Earth, moon and sun their distances to sun and moon  not entirely correct 
· Moon to Sun : He realized that when moon is half light, sun must be at a ninety degree angle but if it much less than that the sun must be much closer. He found out that the angle is only slightly less than 90 so it must be much further away so he estimated 20 timess away  (actual 400 times the moon’s distance) 
· The distance of these two tell us about their size as they appear to be the same size in the sky so that means that so if its twenty times bigger it must be twenty times further
· Angular size: apparent size that an object covers in the sky 
· He realized he could get the Moons size by comparing it to size of earths shadow during a lunar eclipse 
· By timing how long the moon took to cross earths shadow and estimate the diameter was .35 times earth’s 
· Inaccurate b earths shadow is a little smaller than earth and the correct diameter is .27 
· This meant Sun was 7 times larger than Earth (actually 100 times larger) 
· First to show the earth is not the largest 
Arguments for an Earth centered Universe
· Aristarchus argued that if Earth was the centre the position of the stars should change during the year 
· If some stars are closer than others they would shift due to earths chaits nging perspective ; the shift in position of a foreground star relative to the background is called: Parallax 
· Even if all the stars lay at the same distance they should still change because as the earth gets closer and father the angular size would change of the stars 
· When thse changed were not seen it was conluded his idea of earth in center was wrong 
· This was denied logically but based on inaccurate data because no telescopes to see the very little changed 
2.2 THE PLANETS	
· Planets are named after greek roman mythology, they seemed to have their own will 
· Mercury: feet footed messenger god, always near the sun, back anf forth between evening and morning skies dozen times a year 
· Venus: goddess of love and beauty, 9 months as the brightest star gracing evening, nine months in predawn sky
· Mars; god of war, blood red color
· Jupiter: king of the gods, shines steadily moving stately pace amont stars
· Saturn: usually fainted and slowest moving of the planets, (jupiters father in history), deeper recess when his son overthrew him 
· Planets always remain close to the ecliptic and in the constellations of the zodiac 
· Paths of planets tiled at about 23.5 degrees  to celestial equator 
· Motion of these can be seen through zodiac by marking off position of a planet on celestial sphere over period of week or more 
· Seen from Earth: planets always rise in east and set in the west, path is west to eat 
· Their motion is slower than stars because their orbital motion offsets the earth rotation that leads to apparent motion of stars so if a star and planet ride side by side, some time later planet wont be so above the horizon as the star 
· Retrograde Motion: Planet moves west with respect to the stars 
· When planet does this, it’s path through the stars bends backward even forming a loop for a few months 
· This happens to all planets and complicated the straight forward idea that the celestial sphere and its bodies rotate around the earth 
· Reason why models of the solar sys with earth in the center were rejected 
Explaining the Motion of the Planets
· Geocentric Models: everything moves around the Earth, from East to West 
· Based on work of Eudoxuz, greek astronomer, lived around 400-347 bc
· Model showed moon the closest because its path through sky was only 27 days where as Saturn was 29 years so it was furthest 
· Did not explain retrograde motion unless the logic was that it stopped then moved the other way which is clumsy 
Ptolemy
· Astronomer of Greco-Roman times, lived in Egypt
· Model of planets: each planet moved on one small circle which was part of a bigger one so Frisbee on edge of bicycle wheel 
· Small circle  epicycle 
· According to this the motion from eat to west across the sky was caused by the larger circle rotating 
· Retrograde motion occurs when smaller circle carries the planet in reverse direction 
· Predicted planetary motions with fair precision 
· Sustained till 1500s
· Wrote the book Almagest 
· What we know about greeks comes from Islamic astronomy
Islamic Astronomy 
· Influence is very evident in astronomy through works like zenith, in Arabic, and names of bright stars
· Replied on celestial phenomena  
Asian Astronomy 
· Like their neighbors to the west, studied heavens 
· Kept detailed records of unusual celestial events like eclipses, comets nd exploding stars , divided way to predict clipses
· Even noted dark spots on the sun that they could see w naked eye when sun was low I the sky and its glare was dimmed by dust or haze  
· So astronomers can discover ancient patterns of variation in suns behavior and records of exploding stars also allow to determine dates of many celestial outburst 
2.3 ASTRONOMY IN THE RENAISSANCE (1473-1543)
Nicolaus Copernicus 
·  Polish physician and lawyer
· Began the demolition of the geocentric model and revolution in astronomical ideas that continues to this day 
· Heliocentric model: sun was center of the system has been made 2000 years earlier by Aristarchus but rejected
· This man tried to gather all the data on the other studies but he cudnt so he started to look at the Aristarchus one
· Simple explanation or retrograde which is that planets orbiting sun, one planet overtaking ad passing another results in retrograde and this man showed it 
· Two cars driving, one takes over the other so it looks like it moved back relative to stationary objects beyond it 
· W the heliocentric motion he showed retrograde but also showed that planets’ distance from the sun
· Exprosedd in au, earths distance from the sun
· Mercury .38, venus .71, earth 1 mars 1,52, Jupiter 5.20, Saturn 9.54
· Against the catholic church so met w hostility and skepticism 
Tycho Brache (1546-1601)
· Danish 16th century
· Made devices, was very wealthy, which he used to measure planetary positions and showed helio of geo centric and revealing true shape of planetary orbits 
· When he saw a start in 1522 exploding, he realized it was beyond the planets and a comet in 15 77 it was beyond the moon so he said there is more complex and changeable than previous mentioned
· Model suggested that all planets except earth went around the sun 
Johannes Kelper (1572-1630)
· Tychos assistant
· Used his info and made a detailed picture of the path of mars showing that it was not circular but elliptical 
· Elipse: long and short dimensions, called major and minor aces respectively 
· Noticed the sun was not the center but off center 
· Semimajor axis: half the major axis, used to measure relative sizes of the orbits, but could not describe them by a single radius 
· When analyzing these with how long it takes the planets to orbit the sun, their periods, he noticed tha the square of the orbital period was proportion to the cube of the orbitals size 
· 3 laws: 
· Planets move in elliptical orbits with sun at one focus of the ellipse
· The orbital speed of a planet varies so that a line joining the sun and the planet will sweep over equal areas in equal intervals; when planet is near the sun it moves faster 
· Amount of time a planet takes to orbit the sun is related to the orbit size, period squared is semi major cubed 
2.4 THE BIRTH OF ASTROPHYSICS
Galileo galilei (164-1642)
· Was interested in not only celestial motion but all kinds of motion 
· Book: starry messenger (1610) 
· Used telescope 
· Moon is ball of rock, he saw mountains on it
· Saw sun spots on the sun, and that they change everyday, seeing these hcnage he deduced that the sun rotated
· Saw moons around Jupiter 
· Kepler named these satellites because they seemed like body guars
· These are called jupiters satellites 
· His discovered lead to the fact that not everything rorated around the earthso what held them in Jupiter’s orbit? 
· Saw lots more stars so got rid of the simple earth universe concept 
· Saw Saturn and some thing that did not appear like a round disk but had blobs off the edge 
· Saw that venus went through stages, venus orbits sun like moon to earth
· Death of geo centric model 
· Made the correct “laws of motion” leading newton to discover why planets overy the laws of planetary motion 
Isaac Newton (1642-1727)
· [bookmark: _GoBack]Pioneered the modern study of motion, optics, and gravity 
· Deduced law of gravity trying to understand the motion of the moon
· made calculus to calculate the force of gravity 
Astronomy and Astrology
· Astrology: ancient, positions and patterns of celestial bodies in sky exert an influence on the course of human events 
· Motivation to discover more was to get better horoscopes -_-

New Discoveries
· Observational studies increase confidence in using physical laws to understand structure and workings of astro bodies 
· Proof of earths motion was 1729, causes observed position of the stars to shift throughout the year because as it moved though space the angle of the light entering a telescope changed 
· 1781 Hershel found Uranus and found there is some other body excerting gravitational force on it
New Technologies
· Improvements in optics  bigger telescopes 
· Fuzzy patches of light  nebulae were seen
· Photographic film lead to perm records of what was seen 
· Study of heat meant seam engines
· Showed that stars made a lot of energy
· Solved by nuclear energy in twentieth century
· Tiny discrepancies seen in mercury’s movement as calculated by Newton show his words were not the last word on planetary motion 
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