NATS 1745: History of Astronomy- Exam Review
Chapter 1

1. What celestial event is New grange aligned to? Describe what happens at New grange on this day. 
New grange’s roofbox is aligned to the winter solstice sunrise. On the 21 of December at sunrise, the hallway fills with a beam of light and is likely to reflect a belief in rebirth or reincarnation.

2. Describe what happens to the Sundagger on the solstices and equinoxes. 
At noon on the solstice and equinoxes, the sundagger exhibits 2 beams of sunlight, which either bisect or frame the spirals depending on the equinox/ solstice

3. What celestial event is Stonehenge aligned to? Describe what happens at Stonehenge on this day. 
Stonehenge’s heel stone is aligned with the summer solstice, the sun rises behind the heel stone perfectly, (due to the precision of the equinoxes

4. Why do archeoastronomers suspect that Stonehenge's Heel Stone had a missing partner stone? 
When Stonehenge was built the sun rose beside the heel stone, making us believe that there were originally 2 heel stones to frame the sun


5. What causes the Sun to rise and set every day? 
Due to Earth's 24-hour eastward-spin around its polar axis, the sun moves westward across the sky, it rises in the east, reaches its highest point at noon, and then sets in the west

6. What is the local time for an observer who is directly facing the opposite side of the sky from Sun? What is the local time when the Sun is at its highest point in the sky? What is the local time when the Sun is seen on the Eastern horizon? What is the local time when the Sun is seen on the Western horizon? 
- Local midnight 
- Local noon for sun to be highest point
- Local sunrise
- Local sunset


7. What is the azimuth of the noon Sun in the northern hemisphere? How about the southern hemisphere? 
AZ in Northern = South 
AZ in Southern = North 

8. What does the word "solstice" mean? How does it describe what happens to the Sun's rising and setting positions on the solstices? 
- The word solstice means - solar standstill 
- The sun rising or setting position (the stop of that shift)
- Identifies the sun’s rising and setting positions on its northernmost and southernmost positions.

9. What is the azimuth of sunrise and sunset on the Northern winter solstice? How about the Northern summer solstice? How about the equinoxes? 
Azimuth – direction along the horizon, 
- Winter time - sun is mostly south, the winter solstice has to be SE for sunrise and SW for the set 
- Summer solstice (longer path), rising NE, setting NW
- Equinoxes (equal rise and setting) – rising E, setting W 

10. Describe how the Thirteen Towers of Chankillo, Peru were used to track the time of year. Given that this site is in the southern hemisphere, what is the approximate azimuth (NE, SE, NW, SW) of the winter solstice marker? How about the summer solstice marker?
Southern hemisphere
-Summer, rise SE, set SW
- Winter, rise NE, set NW
-13 tower s-the sun shifts through the notches and each interval between the towers mark a month
- If you want to see sunrise you would have to cross to the E side of the hill
 

11. Which day is the longest day of the year, and why? Which day is the shortest day of the year, and why? What are the lengths of daytime and nighttime on the equinoxes? 
- Summer Solstice (June 22): Sun rises and sets at its northernmost position, traversing a long high arc (longest day, highest noon sun)
-  Winter solstice (December 22): Sun rises and sets at its southernmost position, traversing a short, low arc in the sky (shortest day of the year and lowest noon sun).
- Fall and Spring Equinox (Sept 23) (fall equinox) and (spring equinox) March 21): Sun rises due E and sets due W, spending equal time above and below the horizon (equal day and night)

12. What causes the seasons? Describe the orientation of the Earth relative to the Sun during Northern summer. What season does the Southern hemisphere experience at this time, and why? 
- The seasonal changes is in the Sun's daily arc are due to Earth's 23.5 degrees tilt from its orbit around the sun
-  Northern Summer- the northern hemisphere is tilted towards the sun, the observer sees the sun directly, it is higher in the sky and feels warmer because the light is more concentrated
- Winter –the hemisphere is tilted away from the sun, sunlight hits indirectly (i.e. At an angle), causing low arcs and less light per area, and less warmth 

13. Within what latitudes can an observer see the Sun directly overhead? How did these latitudes get their names? 
- Only within the Tropics can the sun be seen directly overhead (Tropic of Cancer) (N) and Tropic of Capricorn (S) at noon.
- The Sun is in the Cancer constellation when the Sun is directly overhead (June Solstice) in the Northern Hemisphere and the Sun is in the constellation of Capricorn when the sun is directly overhead in the Southern hemisphere.

14. What are polar nights and polar days? Within what latitudes do these occur? 
Polar nights – 24hrs of nighttime
Polar days – 24hrs of daylight
- They happen 23.5 degrees from the N/S poles

15. Where is the zenith? What is its altitude? What is the altitude of the horizon? What is the altitude of a star that is halfway up the sky? 
Where is the Zenith? - The point in the sky directly above you (1st question on the exam), everybody has their own zenith it moves with you. 
- The altitude of the Zenith - 90 degrees
- Altitude of horizon - 0 degrees
- Altitude of star half way up the sky - between 45 degrees 


16. Does a star's altitude and azimuth depend on the observer's location? How about right ascension and declination? 
- Everybody has their own horizon, altitude and azimuth DOES depend on the person's location
- Right ascension and declination (Longitude and latitude they are coordinates) DOES NOT depend on your own location

17. If a star has a declination of 10 degrees north, what is the star 10 degrees north from? If a star has a right ascension of 1h, what is the star 1h from? 
- The star is 10 degrees North; it is 10 degrees north of the celestial equator
- The star is 1 hour away from the line that we call, the line of zero right ascension, which marks the position at Spring Equinox


18. Where are we on Earth if we see the Northern constellations rotating around our zenith? What is the name of the point that these stars rotate around? What happens to this point if we walk south? Where is this point seen when we're at the equator? Where is this point when we walk south of the equator? 
- Northern Hemisphere
- North Celestial Pole
- The constellations would get lower
- The constellations would disappear into the horizon
- Southern Hemisphere

19. If an observer sees Polaris at an altitude of 60 degrees, what is the observer's latitude?
Latitude is equal to altitude
- 60 degrees
 

20. What celestial object did the Polynesians use as the basis of their calendar? What does this object consist of? How did the Polynesians use this object to identify the 1st half and 2nd half of their calendar year? In ancient times, how was this object used in the Andes to determine when to plant? 
- Pleiades (7 sisters) - consist of stars (stars cluster)
- Polynesian - when Pleiades rose at sun set, that event defined the first half of their calendar, (December), 6 months later when the Pleiades rose six months later it marked the second half
-  If seven sisters were clear and bright they would plant their crops and if it were dim and hazy they would delay the planting (agricultural marker)

21. What did the Polynesian navigators memorize in order to steer their canoes while at sea?
Star Compass – Polynesian navigators memorized the rising and setting azimuths of the bright stars in the sky

Chapter 2
1. What motivated the imperial astronomers of Ancient China to monitor the skies? Why were they more interested in comets and supernovae than in the planets?
The Ancient Chinese monitored the skies because it was the type of astrology they were interested in, as they feel like something chaotic reflected chaos on earth. The planets are normal and have predictable cycle to them.

2. What produced the Crab Nebula and Crab Pulsar? How do we know that the Crab Pulsar is just over 950 years old? 
A supernova produces the Crab Nebula/ Crab Pulsar. The pulsar was born when the core of the supernova collapsed so the Chinese reveal it is 950 yrs. old.

3. In what 2 ways does the construction of the Mayan Pyramid of Kukulkan suggest a connection to the sky? 
-365 steps (shows Mayans were aware of the sun's annual cycle)
- Annual serpent pattern of light & shade tracks the time of year (ex. On the equinoxes, full serpent ends at Kukulcan's head; all the triangle shades are on the body of the serpent. )



4. What do the remaining openings in the Mayan El Caracol suggest that this building was used for? 
 The openings on the observatory are aligned to the N most point and the S most setting positions of the planet Venus (allowed the Maya to measure the duration of Venus' full path in the sky.)

5. What two celestial cycles are tracked in the Dresden codex? 
Eclipse and Venus cycle.

6. Why did many ancient civilizations believe that eclipses are bad omens as well as unpredictable? 
Long complex cycle that makes it hard to identify that eclipse have a long cycle.

7. What causes the Moon's phases? What is a lunation? 
The Moon’s phases are caused by the shadow of the Earth onto the moon. A lunation is number of days between 2 moons, about a month.

8. What are the configurations of the Earth, Moon and Sun during New moon, 1st quarter moon, Full moon and 3rd quarter moon? What does a "waxing moon" mean? How about a "waning moon"? Why are crescent moons seen primarily during the day? Why are gibbous and full moons seen primarily at night? 
[bookmark: _GoBack]New moon: the moon is in between the sun and earth. Full moon: the earth is between the sun and the moon Waxing means that it is increasing (larger part of its visible surface illuminated). The waning Moon means that it is decreasing (smaller part of its visible surface illuminated, so that it appears to decrease in size). The Crescent moon is on same side of the earth as the Sun (you can see it at night time when the sun goes down).  A full moon is on the opposite side of earth as the sun.

9. What is the Moon's phase during a solar eclipse, and what is causing the Sun to darken? If an observer sees a total solar eclipse, where is this observer standing? If an observer standing if he/she sees a partial solar eclipse?
During an eclipse the moon moves in front of the sun (covering the sun) causing it to become dark. The observer is standing in the umbra where the light from the Sun is completely blocked by the Earth. An observer standing in the penumbra would see ONLY part of the sun. (This happen when the light from the sun is partly blocked by the earth, but NOT completely.

What does a partial solar eclipse look like? 
Partial solar eclipse looks like chunk taken out of the sun

What will the Sun look like if you are standing outside the umbra and penumbra? 
Standing outside the umbra and penumbra you will see the sun pecking around the edge …you would not see the eclipse at all.


10. What is the Moon's phase during a lunar eclipse, and what is causing the Moon to darken? 
When full moon passes through earth’s shadow sunlight is cut off and the moon darkens in lunar eclipse…. (Moon passing through earth’s entirely)… lunar eclipse last for a few hours.

If a total lunar eclipse is seen, what is the Moon passing through?
When the Moon travels completely into the Earth’s umbra.

How about a partial lunar eclipse?
Happens when only part of the moon passes through the earth’s shadow.

How about a penumbral eclipse?
When the Moon passes through the Earth’s penumbral

What does a total lunar eclipse look like? 
It would be copper- reddish …the earth has an atmosphere and the sunlight is refracted around the earth and casts red light on the moon during a total lunar eclipse.

If an observer on the night side of Earth witnesses a total lunar eclipse, will all observers on the night side of Earth see a total lunar eclipse at the same time? 
Observer witness eclipse moon. Yes…they will all see the same eclipse.

11. Why do eclipses not occur every lunation?
Moon orbit have 5-degree tilt.

 What do we call the time period when eclipses can occur?
Eclipse season 

 On average, how many lunations’ are there between these time periods? 
2 times a year

Why are there always at least 1 (or 2) solar eclipses and 1 (or 2) lunar eclipses during these time periods? 
 Eclipse season 31-381/2-full cycle of the moon phases. Longer than 291/2 day than lunar eclipse.

12. Why are lunar eclipses seen more frequently than solar eclipses? 
Solar eclipses are seen less because the observer must be in the moons shadow 

13. In the Dresden codex, what does the repeated occurrence of the numbers '177' and '154' tell us that the Maya understood? What is the significance of the length of the table? 
Because that was the # of days between eclipse seasons
-The table spans 1 complete eclipse cycle of Mayan dates, so eclipse warnings could be predicted.

14. What 2 characteristics of the planet Venus caused the Mayans to identify it as a special kind of star? Why did they worship this planet? 
They associated its movement with the war and considered the most important celestial body observed by the Mayans

15. What is a "heliacal rise" of Venus? What is it about Venus' appearance at this time that made it a day of worship for the Maya? 
Venus was a morning star…. Mayan could predict its date and direction 
Extra info: (Venus appears as a morning star and then 50 days later as an evening star. Venus was closely watched by the Mayans and was central to their mythologies of death and resurrection).

16. When is Venus seen (morning or evening) during the 236 days after its bright heliacal rise? Is it getting brighter or dimmer, and why? Why does it disappear after this period? When it finally reappears, is it a morning or evening star? For the next 250 days, is it getting brighter or dimmer? Why does it disappear again after this period, before its next heliacal rise? 
Venus is seen in the morning during its 236 days after it’s bright helical rise. It is getting dimmer as time progresses, because it is moving away from the Earth. It disappears after this period because it’s hidden behind the glare of the Sun. It is now an evening sun, and it is gradually getting brighter. Venus disappears before its next helical rise because its dark side faces the Earth. 

17. In the Dresden codex, what do the pages containing the rows of 4 Tzolk'in dates represent? What is the significance of the total number of rows in the table? 
The Tzolk’in dates represent the Mayan date of helical rises, 236 days after the helical rise (Venus’ disappearance), 90 days after the disappearence (the reappearance of Venus), 250 days after reappearence (the disappearance of Venus again). In short, the 4 days represent one 548 day Venus cycle. The significance of the 65 rows, which is the number of Venus cycles it takes for it to repeat itself.
 
18. What was the primary motivation for studying the sky in Ancient Egypt? 
In Ancient Egypt, survival depended on the annual flooding of the Nile river. The sky was therefore studied for time keeping.

19. Why do we see different stars and constellations at different times of the year? 
We see different constellations at different times because Earth is moving through space in its orbit around the Sun, therefore our visible window changes.

20. Why were the Ancient Egyptians able to use the heliacal rise of Sirius to determine when the Nile river would flood? What was their mythical explanation for the cause of the flood? 
Within the latitudes of Egypt, the heliacal rise of Sirius coincides with the Nile’s annual flood. Their mythical explanation of why the Nile floods is that Ra (the sun god) needed help pass through 12 gates during the night and if they helped him by using prayers, incantations, and sacrifices he would thank them by givig them the flood which allowed for fertile earth to plant crops.

21. Why did the Ancient Egyptians divide the day into 24 hours? 
The Egyptians tracked time at night using a set of constellations which rise at approximately equal intervals. On average, 12 of these constellations rise each night, so the Egyptians divided night and day into 12 hours each

22. Why do we add a leap day every 4 years? Who incorporated this rule into our calendar, and from what civilization did he learn this rule from? 
We add a leap year every 4 years in order for the calendar to keep up with the seasons, as a solar year is 365.242 days, not exactly 365 days. Julius Caesar incorporated this rule after he learned it from the Egyptians. 

23. What is the difference between a year in the Julian calendar and a year in the Gregorian calendar? Which calender year is equal to the solar year? Which calendar do we use today? 
A year in the Julian calendar incorporates a 4-year leap-day (a 365 day calendar with 12 months of 28-31 days), the Gregorian calendar fixes an 11.5 minute error by removing leap days from years that are divisible by 100, but not 400. The Gregorian calendar is our modern calendar and the solar year calendar.

24. What was the primary motivation for studying the sky in Ancient Babylon? According to the textbook, why did this happen in Babylon but not in Egypt? 
The Babylonians tracked the celestial cycles because they believed that the sky foretold the future. This happened in Babylon but not in Egypt and they did not have a regular cycle (like Egypt did), and therefore needed to look to the Gods in the sky for answers as to what is going to happen in the future.

25. Describe (very generally) what we've learned about the Earth's daily spin from the ancient Babylonian records of solar eclipses. 
The Earth’s daily spin is slowing down very gradually and its a cyclical process (we will eventually speed up)

26. From what civilization did we inherit our units of time and angle? (e.g. 60 minutes in 1 hour, 360 degrees in a circle.) Why are there so many 60s in these units?
We inherited our units of time and angle from the Babylonians. It is a 60-base system because this number has many factors, therefore it is easily divisible.



27. Where are the zodiac constellations? Why were they significant to the Babylonian astrologers? Why can we not see our astrological constellation in the month we were born? 
The zodiac constellations lie along the ecliptic (path of the sun). They were significant to the Babylonian astrologers as they were interested in which constellations the Sun, Moon, and planets appear in each night. The constellations are not visible in the month we are born, because zodiac is defined as the constellation that the sun is in front of, so therefore you are facing your constellation during the day, when it is too bright to see it.

28. For each of the 5 visible planets, what aspect of their appearance was used to choose the Babylonian/Greek god to name them for? 
Mercury: (speedy scribe/ messenger God): named for its fast motion across the sky 
Venus: (Godess of love/beauty): named for its brightness
Mars: (god of war/bloodshed): named for its red color
Jupiter: (father of the Gods): named for its brightness and “majestic” motion, king-like behavior
Saturn: (God of old age): named for its faintness and slow motion, much like an old feeble person

29. What are 3 star-like phenomena that match the description of the Star of Bethlehem? Briefly describe each one. Why is it unlikely that the Star of Bethlehem was one of these phenomena? 
Supernova: the explosive death of a massive star (can appear as a temporary star)
Nova: the re-ignition of a dead star which has yanked fresh gas from a companion star (can appear as a sudden, temporary star)
Comet: a rocky snowball in orbit around the Sun (can appear as a temporary star).
These are unlikely as no other civilizations recorded a sighting of these around 0 BC.

30. What is the only plausible celestial event to explain the Star of Bethlehem? Describe what this event looks like and why it occurs. Why would such an event be ignored by the court astronomers in Ancient China?
A planetary conjunction is when multiple planets line up in the same region of the sky appearing as a bright star. A planetary conjunction is plausible because we can see that Jupiter and Saturn lined up around that time. This may have been ignored by the Ancient Chinese because they were only interested in unpredictable events.

Chapter 3
1. According to the textbook, what was it about Ancient Greece that enabled its philosophers to theorize about why the sky moves the way it does, as opposed to just using it for tracking time and astrology?
The fragmented geography and decentralized rule of Ancient Greece allowed for an intellectual freedom that led to a revolution in scientific thought.

2. Why is Thales called the "Father of Science"? According to legend, what celestial event did he successfully predict in order to prove his philosophy?
Thales is considered the “Father of Science” for attempting to find explanations for natural phenomena that didn’t involve the gods. His philosophy gained support when he demonstrated that eclipses are predictable.

3. What did Anaximander believe about the Earth?
Anaximander believed the Earth was “afloat” in air

4. What was Pythagoras proposing when he called the Universe a "cosmos"? What did he propose about the shape of planetary orbits?
Pythagoras discovered that musical pitch is determined by the length of the instrument; he then realized the Universe is a “cosmos” – a harmonious system that obeys knowable laws). He proposed that all celestial motion is perfectly circular and that Earth is a sphere.

5. Who proposed that the Earth is round? Describe 3 observations that suggest this.
Pythagoras proposed that the Earth is a sphere.His evidence to prove the Earth is a sphere is:
i. Ships gradually disappear on the horizon, bottom-first
ii. Earth’s shadow on the eclipsed moon is always round
iii. When you travel north or south, the constellations rise and set more rapidly than they would if Earth was flat

6. What did Philolaus believe about the Earth? What did this belief explain about the sky?
Philolaus believed that the Earth moved. By allowing the Earth to rotate once per day around a “central fire”, the daily motion of the celestial bodies was explained.

7. What did Herakleides believe about the Earth?
He believed the Earth is spinning daily around its own axis.

8. What did Herakleides believe about the motion of Mercury and Venus, and why?
He believed Mercury and Venus orbit the Sun to explain the Sun-centred appearance of their motion and their changes in brightness.

9. What observation allowed Aristarchus to estimate the size of the Moon? What measurement in the sky allowed him to estimate the distance of the Sun compared to the Moon's distance? Combining these results, what did he correctly conclude about the relative sizes of the Sun, Moon and Earth (i.e., which is biggest, smallest, etc.)? What did this conclusion lead Aristarchus to propose about the known Universe?
He used the Earth’s shadow on the eclipsed moon to measure the Moon’s size relative to Earth’s. He used the angle in the sky between the Sun and quarter moon to measure the Sun’s distance and size relative to the moon’s. He correctly deduced that the Sun is much larger than Earth, and Earth is larger than the Moon. This led him to propose a heliocentric model of the Universe, with only the Moon in orbit around Earth.

10. What direction do planets normally move across the sky from night to night? In what direction is a planet moving when it exhibits retrograde motion?
Planets display both direct (forward) motion (West to East) and retrograde (backward) motion (East to West)

11. Does a planet's apparent motion appear constant or non-constant in speed, as seen from Earth? What about a planet's brightness?
A planet’s apparent speed is not constant – planets appear to slow down and speed up across the sky. A planet appears to brighten and dim as it moves across the sky.

12. What belief of Plato's directed the objectives of the next generations of Ancient Greek astronomers?
He believed and taught that all celestial bodies are perfect spheres with constant circular motion (CCM). The goal of the philosophers after Plato was to explain how the planet’s paths in the sky can be explained by CCM.

13. According to Eudoxus, what do the planets reside on in space?
He attempted to explain planetary motion by placing the planets on systems of invisible nested spheres (“crystal orbs”), each spinning with CCM around Earth.

14. Why did Eudoxus propose that each planet is carried around Earth by two counter-rotating spheres?
He proposed this in order to place the planets moving around the sky and ensure that Earth isn’t moving at all.

15. In Aristotle's cosmology, what body is at the centre, and what is everything on this body composed of? What is everything outside of this body composed of? What are the qualities of this material?
Aristotle’s cosmology teaches that Earth is at the centre, and everything in it is composed of Earth, Water, Air and Fire. Everything outside Earth is composed of a pure and imperishable substance called “quintessence” (5th element) or “ether” (pure air).

16. What model did Aristotle use to explain the motion of the planets? In this model, what are the shapes of the planetary orbits, and do the planets have constant or non-constant speed through space?
Aristotle used the Eudoxan model to explain the motion of the planets – that they are driven around the Earth by invisible spherical orbs with CCM (the daily motion of which is driven by a single outer orb).The shapes of the planetary orbits are circular. Every planet has different speeds, the faster the planet orbits, the closer the planet. 

17. How did Aristotle explain the daily motion of the sky?
The entire universe is surrounded by a crystal orb which spins daily around the Earth and carries everything around with it.

18. What was Aristotle's explanation for the source of all motion in the Universe?
“Whatever is moved must be moved by another”: the motion of the orbs is supplied by the motionless “Prime Mover” (a spiritual, godlike entity residing in the outermost orb).

19. Why did Aristotle believe that comets are atmospheric phenomena?
Comets must be atmospheric phenomena because they don’t appear eternal, therefore they can’t be celestial bodies.

20. Describe the components of Appolonius' epicycle model. Where is the Earth in this model? Is all motion constant and circular in this model?
He placed each planet on an epicycle, which the planets orbit around with CCM. He then set the epicycles on a larger constant circular orbit. All motion is constant and circular, but the epicycle allows the apparent motion of the planet go retrograde. 

21. How does Appolonius' epicycle model explain the 3 features of planetary motion?
Appolonius’ epicycle model explains:
i. Retrograde motion
ii. Non-constant brightness
iii. Non-constant apparent speeds

22. What measurement is Eratosthenes famous for? What tool did he use to obtain his result, and what did he physically measure with this tool?
He is famous for measuring the circumference of the Earth. He used a stick and its shadow to obtain his result, by measuring the angle spanned by the shadow.

23. Which feature of the Antikythera Mechanism suggests that it was constructed to predict the motion of the celestial bodies using Hipparchus' model?
Motion of the Sun and the Moon – complex system of circular gears all spinning around a central body.

24. What observation led Hipparchus to discover the precession of the equinoxes? How does precession effect the Sun? How does precession effect the stars? How does precession effect your zodiac sign?
Hipparchus discovered that the Sun’s coordinates on a given date are shifting backwards ~1/100th of a degree per year. Precession causes all star coordinates to shift 1/100th of a degree east per year, thus changing our zodiac signs because their positions in the sky will change over thousands of years. 

25. Explain briefly how it was determined that the Farnese status of Atlas is holding a celestial globe constructed from Hipparchus' lost star catalogue.
The star coordinates on the statue are precessed ~2100 years from today. This dates the coordinates back to Hipparchus. 

26. What was the name of the definitive Astronomy textbook written in roughly 150 AD, and who wrote it?
The Almagest (The Greatest Book in Arabic) written by Claudius Ptolemy.

27. If we could observe a planet's motion from the equant point, would its apparent speed be constant or non-constant? How does the equant point conflict with the Aristotelian view of planetary motion?
Yes, it would appear constant. In order for the epicycle to maintain constant apparent speed from the equant point it has to have non-constant motion through space – this means that it has to speed up when it is close to the Earth and slow down when it is far from the Earth.

28. Why did Ptolemy establish 2 different rules which attach the motion of the planets to the Sun?
The epicycle of the inner planets rotate with the Sun.The lines connecting the outer planets to the centre of their epicycles remain passed to the Earth-Sun line.

29. What is the one mistake in Ptolemy's order of the planets? What wrong assumption about space led Ptolemy to underestimate the size of our visible solar system (i.e. out to Saturn)?
He placed the planets in order of their decreasing apparent speed called “Ptolemy’s Cosmology”. The order of the planets was correct, but the Sun and the Earth were incorrectly switched. Saturn was the furthest object known, therefore it was believed that the universe was only that big, and there is space between adjacent orbits. Ptolemy estimated the universe’s size to be 20,000 times Earth.

Chapter 4

1. According to the textbook, what was it about Ancient Greece that enabled its philosophers to theorize about why the sky moves the way it does, as opposed to just using it for tracking time and astrology?
The fragmented geography and decentralized rule of Ancient Greece allowed for an intellectual freedom that led to a revolution in scientific thought.

2. Why is Thales called the "Father of Science"? According to legend, what celestial event did he successfully predict in order to prove his philosophy?
Thales is considered the “Father of Science” for attempting to find explanations for natural phenomena that didn’t involve the gods. His philosophy gained support when he demonstrated that eclipses are predictable.

3. What did Anaximander believe about the Earth?
Anaximander believed the Earth was “afloat” in air

4. What was Pythagoras proposing when he called the Universe a "cosmos"? What did he propose about the shape of planetary orbits?
Pythagoras discovered that musical pitch is determined by the length of the instrument; he then realized the Universe is a “cosmos” – a harmonious system that obeys knowable laws). He proposed that all celestial motion is perfectly circular and that Earth is a sphere.

5. Who proposed that the Earth is round? Describe 3 observations that suggest this.
Pythagoras proposed that the Earth is a sphere.
His evidence to prove the Earth is a sphere is:
i. Ships gradually disappear on the horizon, bottom-first
ii. Earth’s shadow on the eclipsed moon is always round
iii. When you travel north or south, the constellations rise and set more rapidly than they would if Earth was flat

6. What did Philolaus believe about the Earth? What did this belief explain about the sky?
Philolaus believed that the Earth moved. By allowing the Earth to rotate once per day around a “central fire”, the daily motion of the celestial bodies was explained.

7. What did Herakleides believe about the Earth?
He believed the Earth is spinning daily around its own axis.

8. What did Herakleides believe about the motion of Mercury and Venus, and why?
He believed Mercury and Venus orbit the Sun to explain the Sun-centred appearance of their motion and their changes in brightness.

9. What observation allowed Aristarchus to estimate the size of the Moon? What measurement in the sky allowed him to estimate the distance of the Sun compared to the Moon's distance? Combining these results, what did he correctly conclude about the relative sizes of the Sun, Moon and Earth (i.e., which is biggest, smallest, etc.)? What did this conclusion lead Aristarchus to propose about the known Universe?
He used the Earth’s shadow on the eclipsed moon to measure the Moon’s size relative to Earth’s. He used the angle in the sky between the Sun and quarter moon to measure the Sun’s distance and size relative to the moon’s. He correctly deduced that the Sun is much larger than Earth, and Earth is larger than the Moon. This led him to propose a heliocentric model of the Universe, with only the Moon in orbit around Earth.

10. What direction do planets normally move across the sky from night to night? In what direction is a planet moving when it exhibits retrograde motion?
Planets display both direct (forward) motion (West to East) and retrograde (backward) motion (East to West)

11. Does a planet's apparent motion appear constant or non-constant in speed, as seen from Earth? What about a planet's brightness?
A planet’s apparent speed is not constant – planets appear to slow down and speed up across the sky. A planet appears to brighten and dim as it moves across the sky.

12. What belief of Plato's directed the objectives of the next generations of Ancient Greek astronomers?
He believed and taught that all celestial bodies are perfect spheres with constant circular motion (CCM). The goal of the philosophers after Plato was to explain how the planet’s paths in the sky can be explained by CCM.

13. According to Eudoxus, what do the planets reside on in space?
He attempted to explain planetary motion by placing the planets on systems of invisible nested spheres (“crystal orbs”), each spinning with CCM around Earth.

14. Why did Eudoxus propose that each planet is carried around Earth by two counter-rotating spheres?
He proposed this in order to place the planets moving around the sky and ensure that Earth isn’t moving at all.

15. In Aristotle's cosmology, what body is at the centre, and what is everything on this body composed of? What is everything outside of this body composed of? What are the qualities of this material?
Aristotle’s cosmology teaches that Earth is at the centre, and everything in it is composed of Earth, Water, Air and Fire. Everything outside Earth is composed of a pure and imperishable substance called “quintessence” (5th element) or “ether” (pure air).

16. What model did Aristotle use to explain the motion of the planets? In this model, what are the shapes of the planetary orbits, and do the planets have constant or non-constant speed through space?
Aristotle used the Eudoxan model to explain the motion of the planets – that they are driven around the Earth by invisible spherical orbs with CCM (the daily motion of which is driven by a single outer orb). The shapes of the planetary orbits are circular. Every planet has different speeds, the faster the planet orbits, the closer the planet. 

17. How did Aristotle explain the daily motion of the sky?
The entire universe is surrounded by a crystal orb which spins daily around the Earth and carries everything around with it.

18. What was Aristotle's explanation for the source of all motion in the Universe?
“Whatever is moved must be moved by another”: the motion of the orbs is supplied by the motionless “Prime Mover” (a spiritual, godlike entity residing in the outermost orb).

19. Why did Aristotle believe that comets are atmospheric phenomena?
Comets must be atmospheric phenomena because they don’t appear eternal, therefore they can’t be celestial bodies.

20. Describe the components of Appolonius' epicycle model. Where is the Earth in this model? Is all motion constant and circular in this model?
He placed each planet on an epicycle, which the planets orbit around with CCM. He then set the epicycles on a larger constant circular orbit. All motion is constant and circular, but the epicycle allows the apparent motion of the planet go retrograde. 

21. How does Appolonius' epicycle model explain the 3 features of planetary motion?
Appolonius’ epicycle model explains:
i. Retrograde motion
ii. Non-constant brightness
iii. Non-constant apparent speeds

22. What measurement is Eratosthenes famous for? What tool did he use to obtain his result, and what did he physically measure with this tool?
He is famous for measuring the circumference of the Earth. He used a stick and its shadow to obtain his result, by measuring the angle spanned by the shadow.

23. Which feature of the Antikythera Mechanism suggests that it was constructed to predict the motion of the celestial bodies using Hipparchus' model?
Motion of the Sun and the Moon – complex system of circular gears all spinning around a central body.

24. What observation led Hipparchus to discover the precession of the equinoxes? How does precession effect the Sun? How does precession effect the stars? How does precession effect your zodiac sign?
Hipparchus discovered that the Sun’s coordinates on a given date are shifting backwards ~1/100th of a degree per year. Precession causes all star coordinates to shift 1/100th of a degree east per year, thus changing our zodiac signs because their positions in the sky will change over thousands of years. 

25. Explain briefly how it was determined that the Farnese status of Atlas is holding a celestial globe constructed from Hipparchus' lost star catalogue.
The star coordinates on the statue are precessed ~2100 years from today. This dates the coordinates back to Hipparchus. 

26. What was the name of the definitive Astronomy textbook written in roughly 150 AD, and who wrote it?
The Almagest (The Greatest Book in Arabic) written by Claudius Ptolemy.

27. If we could observe a planet's motion from the equant point, would its apparent speed be constant or non-constant? How does the equant point conflict with the Aristotelian view of planetary motion?
Yes, it would appear constant. In order for the epicycle to maintain constant apparent speed from the equant point it has to have non-constant motion through space – this means that it has to speed up when it is close to the Earth and slow down when it is far from the Earth.

28. Why did Ptolemy establish 2 different rules which attach the motion of the planets to the Sun?
The epicycle of the inner planets rotate with the Sun. The lines connecting the outer planets to the centre of their epicycles remain passed to the Earth-Sun line.

29. What is the one mistake in Ptolemy's order of the planets? What wrong assumption about space led Ptolemy to underestimate the size of our visible solar system (i.e. out to Saturn)?
He placed the planets in order of their decreasing apparent speed called “Ptolemy’s Cosmology”. The order of the planets was correct, but the Sun and the Earth were incorrectly switched. Saturn was the furthest object known, therefore it was believed that the universe was only that big, and there is space between adjacent orbits. Ptolemy estimated the universe’s size to be 20,000 times Earth.

Chapter 5

1. What was Tycho Brahe's lifelong goal? Did he achieve his goal in his lifetime? Who carried on his work to successful completion?
To make a complete mapping of the stars. 

2. What celestial event did Tycho Brahe witness in 1563? What did he observe about the date of this event, and what did it motivate him to do?
1563 he witnessed the close approach of Jupiter and Saturn. He got a pair of large wooden compasses and used them to make his measurements 2 celestial bodies as they closed each other. He found all predictions of the event were wrong. Ptolemaic- theory where sun circles earth was out by a month. Copernicus’ sun based theory was wrong by a few days. It motivated him to create a long-term project with the aim of mapping the heavens from a single location over a period of several years. 

3. Why did astrologers associate the supernova of 1572 with Doomsday? What discovery did Tycho make about this supernova, and how did it contradict Aristotelian beliefs about the heavens?
It transformed the W in the Cassiopia constellation into a cross; the sign of Doomsday. Tycho discorvered the coordinates of the supernova remain fixed relative to the stars therefore it occurred in the orb of the stars and not in the atmosphere. It contradicts belifs of the time as the heavens were perfect systems stars followed the same pre set route and there was no change. 

3. What is parallax? Describe (briefly) how it should effect our view of the stars. Why can't we see stellar parallax with the naked eye?
The perceived shift of an object relative to its background due to the motion of the observer. The more distant the object, the smaller its parallax

4. Why did Tycho Brahe believe that the Earth is motionless? What is an astronomical unit?
He did not observe stellar parallax. Distance between the Earth and Sun= 1 AU.


5. Describe the Tychonic system (i.e. what do the planets orbit around? Does the Earth move? If so, how? Does the Sun move? If so, how?)
Planets orbit around the Sun. Earth is fixed. Sun orbits the earth dragging all the planets with it. Earth not considered a planet- something different. 

6. How did Tycho obtain the distance to the Great Comet of 1577, and what two discoveries did he make from its distance? How did one of these conclusions solve the problem with the Tychonic System?
Tycho obatianed the distance using the parallax. One discovery was tycho’s parallax distance placed the comet beyond the moon proving comets are celestial bodies. Second comets path should have smashed into crytal spheres of mercury and venus but no sign of this meant the spheres were not solid.  Solved problem for Tychonic system as Mars cut through sun’s sphere in his system. 

7. In Kepler's Mystery of the Cosmos, what did he propose is holding the solar system together, and why? What shape are the planetary orbits in this model? Where is the Sun in this model? What convinced Kepler that this model was correct?
5 perfect solids hold the solar system together. Planetary orbits are perfect circles. Convicenced because 6 planets- 5 spaces between them- 5 perfect solids his calaculated orbits matches Copernicus’s observed orbits.

8. In Gilbert's On The Magnet, what was his correct explanation for why      compass needles always point to the Earth's North geographic pole? What did Kepler conclude from this about the cause of planetary motion?
****

9.What led Kepler to the discovery that planets have non-constant speed around the Sun?
Planets have non constant speed around the sun as the Sun appears to move across the sky faster(shorter days) in the winter. Earth is closest to the sun in the winter and the increase gravity make the earth move faster then in the summer when the earth is farther away and the sun moves slower across the sky(longer days)

10. What is it about the planet Mars that led Kepler to the true shape of planetary orbits?  
Mars orbit is not perfectly circular and he could not get to it an orbit until he changed the shape to ellipses

11. What is Kepler's 1st Law?
The orbits of planets are ellipses with the Sun at one focus. The more elongated the ellipse, the greater its eccentricity. A circle is a special case of an ellipse with 0 eccentricity.



12. What is the semi-major axis of an ellipse? What does the eccentricity of an ellipse refer to?
Semi-major axis is the half of the longest axis of the ellipse 

13. What does perihelion and aphelion mean?
Perihelion, closest distance to the sun. Aphelion, farthest from the Sun.

14. Describe the speed of a planet according to Kepler's 2nd Law.
A planet’s speed varies as it moves around its orbit; it moves fastest when nearest to the sun (perihelion) and slowest when it’s furthest from the sun (aphelion)

15. What does Kepler's 3rd Law tell us about the relationship between the orbital periods of planets and their distance to the Sun? What was Kepler looking for when he discovered this law?
The farther the planet is from the sun the slower its orbital speed. Longer orbital period. 

Chapter 6

1. What is refraction? What did Galileo's refracting telescope consist of? What does the primary lens do? What does the eyepiece do?
Refraction= the bending of light rays as they pass from one medium to another 
In a Galilean refractor, the convex primary lens and a concave eyepiece   
Primary lens= sends more light to the eye than the eye would receive on its own
Eyepiece= has a concave lens, it re-focuses 

2. What change did Kepler make to the refracting telescope, and why?
The eyepiece is convex. Sends (inverted) light from a larger region of sky to the eye. Produce brighter and larger images 

3. What did Galileo prove about falling objects? Who did this contradict, and why?
Contradicted Aristotle theories about motions. Heavier object falls faster, will return to its home element. A cannon ball will drop faster because it has more of the home element. Galileo proved that all objects, regardless of mass, fall at the same rate	

4. Even before he looked through a telescope, which planetary model did Galileo privately support? How do we know this?
He supported the heliocentric. We know this because Galileo sent letters to Kepler, but he would not support it publicly because there was no evidence to support it.

5. What did Galileo see when he observed the Moon with the telescope? How did this contradict Aristotle's teachings about the celestial bodies?
The moon had blemishes, celestial bodies are not perfect unblemished spheres 
The blemishes were craters.

6. What did Galileo discover when he observed the Milky Way with the telescope? How did this contradict Aristotle's explanation for the Milky Way?
Galileo - The Milky Way is a combined light from millions of starst
Aristotle - an atmospheric phenomenon  

7. What did Galileo observe with the telescope when he compared the appearance of planets to stars? How did this support the Copernican argument that the stars are too distant for their parallax to be seen?
Planets have a disk-like appearance, while stars remained point like. This showed: stars may be much more distant than planets as suggested by the lack of detectable stellar parallax.

8. What did Galileo discover when he observed Jupiter with the telescope? How did this contradict one of the main arguments against heliocentrism?
Jupiter’s four brightest moons, at first they were called stars. They defined as moons, because they are in orbit with a planet. How can the Earth be moving around the Sun, if our moon, follows us everywhere we go, without being visibly attached to us
Jupiter took its moon around orbit with it. So earth can do it too.

9. What did Galileo discover when he observed Venus with the telescope? How did this discovery show that the Ptolemaic model is wrong? Did this discovery prove that the Copernican model is right? Why/why not?
Venus exhibits seize and phase changes (all phases expect Full). This is only possible if Venus orbits the Sun (Copernican and Tychnic Models). Ptolemaic Model is wrong since gibbous aren’t possible if Venus never reaches the Sun’s opposite side. Since Galileo saw the types gibbous sides of Venus that meant that Venus is on the opposite side of the Sun from Earth. From Earth both crescent and gibbous phases were seen, Venus is orbiting the Sun.

10. What is Venus' phase when it appears smallest, and why? What about when Venus appears biggest?
Smallest is the gibbous because it is furthest from the Earth. Biggest is the crescent because it is closest to the Earth.

11. Why did Galileo not observe phase changes in the outer planets?
He couldn’t distinguish phases in the outer planets, since only full and gibbous phases are possible, Outer planets are never between Earth and Sun. Being between the Earth and the Sun is what causes the crescent phase. Only see full and gibbous phases.
 
12. What did Galileo see when he observed Saturn with the telescope? Why did this contradict Aristotle? What causes this planetary phenomenon to occasionally disappear?
Saturn is not a perfect sphere, he could not resolve them into, but still showed: not all celestial bodies are perfect shapes. Inclined to the Ecliptic = The periodic disappearance of Saturn’s rings is due to our changing view of their tilt. Saturn’s orbit is not in the same plane as Earth’s orbit.

13. What happens to sunspots when they near the edge of the Sun's surface? What did this convince Galileo about sunspots? Why did his conclusion contradict Aristotle?
When they near the edge of the Sun’s surface, the spots appear to get closer. The sunspots are compressed due to the Sun’s curvature. Galileo said that the sunspots are part of the surface of the Sun. Contradicted Aristotle because Sun is not a perfect celestial body, like every other planet.

14. Why did the Roman Catholic Church maintain that the Universe is geocentric?
Because the scripture said so
Book of Joshua – “Joshua Commanding the Sun to Stand Still”
Book of Acclesiastes – “The Sun rises and the sun goes down, and hurries to the place where it rises” 
Book of Psalm- “The Creation Psalm” 
 
15. When Galileo heard that he was being demonized by the Catholic Church, what did he do in 1615? What were the consequences of his action?
In 1615 wrote a “letter to the Grand Duchess Christina
Argued that Bible stories are parables and not meant to teach astronomy 
Led to the banning of Copernicus’ book and Galileo’s papal ban not to “hold or defend” heliocentrism 

16. What did Galileo publish in the 1630s, and with whose permission? Describe the format of the book and its characters. Why did this book antagonize the Pope?
Published “Dialogue on the Two Great World Systems”, with the permission of the Pope Urban the 8th.The format of the book was unbiased, he wrote objectively. It was a lively conversation between three characters: Galileo (for heliocentrism), the Church (for geocentrism) and a referee. The Church character: Simplicio, means the simple one, or the fool, who contradicted himself. The Copernican: Salvayati, was portrayed as wise and witty. Referee: Sergrato, part of Church, but open to Galileo’s obersvative. The Earth’s ocean tides are proof of Earth’s motion, a theory that the Pope had previously rejected

17. What did Galileo believe to be the cause of Earth's high and low tides? Why did he include this theory in his book?
Earth’s high and low tides were caused by Earth’s motion around the Sun and Earth’s daily spin. He included it because it gave them physical proof for heliocentrism.

18. As a result of Galileo's book, what was he charged with by the Roman Inquisition in 1633, and what was his sentence?
Charged with violating the 1616 ban on defending heliocentrism. Sentence was house arrest for life and publicly recants heliocentrism as heresy. His books were banned.


Chapter 7

1. According to Descartes, what is in between the planets, and what drives the planets' motion?
a) Empty space does not exist.  Therefore, the space between celestial bodies is filled with an invisible fluid (ether). 
b) The spinning celestial bodies have turned the fluid into a system of whirling vortices which carry the bodies in their orbits (ex. the planets whirl eternally around the Sun's vortex)

2. According to Hooke, what causes the planets to move?
He argued, contrary to Descartes, that planetary motion is due to an invisible force that acts across empty space ("gravitational attraction").

3. What does it mean to say that gravity is universal?
Gravitational attraction is universal; it's the cause of motion both on Earth and in space.  Eg. Earth's gravity not only holds Earth together and causes free-fall, but also holds the Moon in orbit

4. According to Hooke, why does a free-falling object increase in speed as it falls toward the Earth? 
Gravitational attraction increases with proximity to its source.  Eg. The closer a body is to Earth, the stronger Earth's pull on it. This is why when you drop a an object off the cliff, with every second passing it drops quicker and quicker as it gets closer and closer to Earth

b) What would happen to the Moon's orbital speed if the Moon moved closer to the Earth, and why?
The moon’s orbital speed would increase if it moved closer to the Earth due to the increased gravitational pull as it nears the Earth

5. What did Newton invent which made him particularly suited to describing the motions of the planets?
Newton invented Calculus (the math that describes how quantities change, and the only way to precisely describe motion). 
 
6. What did Newton find when he passed sunlight through 2 prisms? What did he conclude from this?
The 1st prism disperses sunlight into a rainbow, and 2nd prism recombines the colors into the original white sunlight.  Using 2 glass prisms, Newton proved: sunlight is composed of the colors of the rainbow

7. What is dispersion?
Dispersion: the splitting of light into its component colours when it passes through a medium, due to the different refraction angles of each color.

8. What is chromatic aberration? Why did Newton construct a telescope with mirrors instead of glass lenses?
Chromatic aberration: the failure of a lens to focus all colors in a light ray at the same point.  Newton constructed a telescope with mirrors (reflecting telescope) instead of glass lenses to eliminate the chromatic aberration caused by glass lenses

9. Why are all large modern telescopes reflectors rather than refractors?
Today, all large telescopes are reflectors, due to the difficulty in constructing a large glass lens

10. What does it mean to say that gravity obeys an inverse-square law? According to this law, if one body doubles its distance from a source of gravity, by how much has the gravity weakened? What if the distance is tripled?
With an inverse-square law, gravity weakens with distance (inverse law = 1/d).  If one body doubles its distance from a source of gravity, the gravity has weakened by ½.  If the distance is tripled, the gravity has weakened by 1/3.  

10. What was the Royal Society's challenge in 1684, and who eventually solved it?
In 1684, Halley and the Royal Society offered a prize to anyone who could prove that gravity is defined by the inverse-square law.  A few years earlier, Hooke had revealed his theory of gravity to Newton and requested his help with the mathematical proof.  Newton completed the proof in secret

11. What was the name of Newton's famous book in which he presents the definition of gravity? Who urged Newton to publish this book?
Halley urged and funded Newton to publish his proof.  The result: The Principia (1687), considered "one of the most important works in the history of science".

13. What did Newton prove about Kepler's 3rd Law? What does the value of k measure?
Newton proved that Kepler’s 3rd Law (P=k x a3) applies to all orbital motion. “k” measures the mass of the celestial body.

14. How was Newton able to derive the masses of Jupiter and Saturn? According to his measurements, how do the masses of Jupiter and Saturn compare to the other visible planets (no specific numbers necessary)? What do the masses and sizes of Jupiter and Saturn tell us about their density and composition? 
a. Newtown applied Kepler’s 3rd Law to the orbits of the moons of Jupiter and Saturn to calculate their masses.
b. The masses of Jupiter and Saturn compared to other visible planets are quite light. 
c. Their masses, compared to their large sizes, revealed that they are low-density planets and therefore “gas giants”.

15. What is the source of gravity primarily responsible for Earth's high and low tides? Describe (briefly) the effect that this source of gravity has on Earth's oceans to create the high tide. 
a. Centrifugal force – an outward pull of the Earth due to its gravitational pull. 
b. The tides are a result of the Moon’s gravitational pull on Earth’s oceans, and the Sun’s gravitational pull. A spinning spherical body develops an outward push – centrifugal force – that is strongest near the equator, causing spinning spheres (like Earth) to develop and equatorial bulge.

16. What are "spring" and "neap" tides? What is the source of gravity that is responsible for these effects? At what time(s) of month does the spring tide occur, and why? How about the neap tide? 
a. Spring tide is high tide, neap tide is low tide. 
b. Centrifugal force 
c. Spring tide occurs twice a month, around new and full moons (when the Sun, Moon, and Earth are aligned) and the tidal force, due to the Sun, reinforces that due to the Moon. Neap tide occurs also twice a month when the Moon is at first quarter and third quarter (the Sun and Moon are separated by 90 degrees) and the solar tidal force partially cancels out the Moon’s.

17. According to Newton, what does the Earth and Moon orbit around each month? Where is this point located (no specific numbers necessary)? Where would it be located if the Earth and Moon were equal in mass? 
a. Newton showed that an orbiting object orbits the centre of mass of its system. Therefore the Moon doesn’t orbit Earth’s exact centre. 
b. This point it orbits is a point inside Earth, but slightly offset from Earth’s exact centre. 
c. If Earth and the Moon were of equal mass, they would equally orbit each other.

18. According to Newton, what happens to the shape of spinning spherical bodies? What does Earth have as a result of this? 
a. Newton proved that spinning spherical bodies take on an elliptical shape. 
b. As a result of this, Earth has an equatorial bulge.

19. What is causing Earth's spin axis to precess? How long does it take for Earth's spin axis to precess in a complete circle?
a. ??? (couldn’t find the answer) Anyone know this one?
b. ???

20. What was Newton's theory about the motion of comets? Why do we see them so infrequently?
a. Newton concluded that comets orbit the Sun according to Kepler’s 3rd Law, just like planets 
b. The exception is that comet orbits are more eccentric and this explains their longer orbital period.




21. What 2 reasons led Halley to suspect that the comets of 1456, 1531, 1607 and 1682 were the same comet? 
a. The comets Halley observed were all retrograde, and he found them at equal intervals of approximately 76 years.

22. Why was the comet of 1758 named "Halley's Comet"? 
a. Halley’s Comet got its name when his prediction that the next appearance of the comet would be in December of 1758 actually came true. This was in his honour.

23. In the 1700s, what was needed in order to determine longitude while at sea? Why did the Greenwich Observatory in England become the location of the Prime Meridian (Earth's line of 0 degrees longitude)? 
a. Time was needed to determine longitude while at sea. 
b. Greenwich Observatory in England became the location of the Prime Meridian in honour of its role in solving the longitude problem (Flamsteed and Halley produced stellar and lunar tables required to track time with the moon at Greenwich).

24. Describe (briefly) how the value of the Astronomical Unit (AU) was 1st measured. What important quantity could be measured once the value of the AU was known?
A Venus transit across the sun was observed from two different locations on Earth, to induce parallax in the transit path by measuring the parallax angle between the two paths, you can use some simple trig to get at the distance between Earth and Sun in kilometers. Once the value of the AU was known, we could measure the size of the Solar System


