Chapter 1 Review
1. What celestial event is Newgrange aligned to? Describe what happens at Newgrange on this day. 
The Winter Solstice. At sunrise, the light hits the roofbox, and a beam of light shines through and lights up the chamber at the end of the tomb, and the last chamber gets lit up by the sun only on this day.

2. Describe what happens to the Sundagger on the solstices and equinoxes. 
On the summer solstice the shadow of the 3 slabs of rocks appear as 1 dagger right in the middle of the spiral carving. On the Winter solstice, the shadows appear as 2 daggers on opposite ends of the spiral. On the spring and fall equinoxes, a dagger would appear slightly off the centre of the big spiral carving, and another wider dagger on the smaller spiral carving.

3. What celestial event is Stonehenge aligned to? Describe what happens at Stonehenge on this day. 
The heel stone is aligned to the summer solstice sunrise. The Sun would rise behind the heel stone on the summer solstice and form a shadow pointing towards the ring of stones.

4. Why do archeoastronomers suspect that Stonehenge's Heel Stone had a missing partner stone? 
If there were 2 heel stones, the sun on the summer solstice would have beamed light right between the 2 heel stones.

5. What causes the Sun to rise and set every day? 
The Earth spins easterly around the sun, completing 1 rotation every 24 hours.

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 is the time for someone who is directly facing the opposite side of the sky from the sun.
Local Noon when the Sun is at its highest point in the sky.
Local Sunrise when the Sun is seen on Eastern horizon.
Local Sunset when Sun is seen on Western horizon.

7. What is the azimuth of the noon Sun in the northern hemisphere? How about the southern hemisphere? 
Azimuth is the object’s direction along the horizon. Sun’s azimuth is 0 degree when facing Northern hemisphere. When facing southern hemisphere Sun’s azimuth is 180 degree.

8. What does the word "solstice" mean? How does it describe what happens to the Sun's rising and setting positions on the solstices? 
Comes from Latin term “solar standstill”. In the days leading up to solstice, the position keeps shifting further south or north, and on the solstice the positions stop shifting and the sunset and sunrise position stop shifting and stay still. 

9. What is the azimuth of sunrise and sunset on the Northern winter solstice? How about the Northern summer solstice? How about the equinoxes? 
Sun rises eastern-southernmost position sets western-southernmost position on the Northern winter solstice. Sunrise is due NE, and sunset NW on the Northern summer solstice. On the equinoxes, Sunrise is due E, and sunset is due W. 

10. 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?  
The Summer Solstice because the Sun’s rises and sets at its most Northern position in the Northern Hemisphere meaning the Sun spends more time in the sky. The Winter solstice rises and sets in its most Southern position in the Northern Hemisphere meaning it spends less time in the sky.

11. 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? 
Earth’s 23.5 degree tilt from its orbit around the sun causes seasonal changes. In the summer, the Earth’s northern hemisphere is tilted towards the Sun. This annual change in the Earth’s orientation relative to the sun is what causes the Sun’s arc to change throughout the year which in turn causes change in the Earth’s seasonal temperature changes. The Southern hemisphere experiences Winter because the hemisphere is tilted away from the sun, the Sun is lower and the sunlight hits indirectly and weak making it feel cooler. The angle between the observer’s top of the sky and the sun is much larger.

12. 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. The tropic of Cancer is at 23.5 degrees North and you can see the Cancer constellation behind the noon sun on the June Solstice. The tropic of Capricornis 23.5 degrees South and the Capricorn constellation can be seen behind the noon sun on the December solstice.

13. What are polar nights and polar days? Within what latitudes do these occur? 
When the winter solstice sun doesn’t rise in the Poles, it’s called a Polar night because it’s 24 hours of night.
When the summer solstice sun doesn’t set in the Poles, it’s called a Polar day because it’s 24 hours of daylight.
This happens within 23.5 degrees of the Poles.

14. 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? 
[bookmark: _GoBack]Zenith – the point on the sky above the observer. This is a local point and moves with use wherever we go.
Altitude – object’s angle upwards from the horizon.
45 degrees is the altitude of a star that’s halfway up the sky.

15. Does a star's altitude and azimuth depend on the observer's location? How about right ascension and declination? 
No, a star’s altitude and azimuth doesn’t depend on the observer’s location.
Declination and Right Ascension does not change according to the observer either.

16. 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 of the Celestial Equator.
The star is 1h along the CE, or the 1hr from Sun’s position at Spring Equinox.

17. 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? 
North Pole.
Polaris.
As you walk south, it goes lower.
When south of the equator, it is not to be seen. 

18. If an observer sees Polaris at an altitude of 60 degrees, what is the observer's latitude? 
60 degrees. Observer’s Altitude of CP = Observer’s Latitude of CP
	
Chapter 2 Review	
1. Why did many ancient civilizations believe that eclipses are bad omens as well as unpredictable? 
The Sun or Moon appeared “damaged” during an eclipse. Their long term and complex cycle also led many to believe this was a random event that took place.

2. What is a lunation? 
A Lunation is one complete cycle of Moon Phases, which takes approximately 29.53 days.

3. What causes the Moon's phases? 
As the moon orbits Earth once a month, Earth sees different portions of its sunlit side, causing Moon’s appearance to cycle from completely dark (New) to completely illumination (Full)


4. What are the configurations of the Earth, Moon and Sun during New moon, 1st quarter moon, Full moon and 3rd quarter moon? 
During a new moon, the Moon is directly between the Earth and the Sun, and the Sun’s light hits the back of the moon, causing the side we see from Earth appear dark.
During the 1st quarter, the sun hits only the side of the moon, and from our observation of the moon from Earth, we see right side lit up.
During the Full Moon, the Sun hits the Moon directly illuminating the entire surface that we can see from Earth.
During the 3rd quarter, the Sun hits only one side of the moon, and from our observation of it from Earth we see left side lit up, the portion of the 1st quarter moon that was dark.

5. What does a "waxing moon" mean? How about a "waning moon"? 
Waxing Phase – when the moon transforms from new moon to full moon.
Waning Phase – when the moon transforms from full moon to new moon.

6. Why are crescent moons seen primarily during the day? Why are gibbous and full moons seen primarily at night? 
Crescent moons are seen primarily during the day because it appears on the same side of the Earth as the sun, and less portion of the moon is illuminated.
Gibbous and Full Moons are seen primarily at night because they occur when the moon is on the opposite side of the sky from the sun

7. What is the cause of a solar eclipse? What is the Moon’s phase when this happens?
The moon’s phase is a New Moon during a solar eclipse, and the Moon passes between the Earth and Sun causing it to darken in our view.

8. What is it about the apparent sizes of the Sun and Moon that make a total solar eclipse possible?
Total solar eclipse can only occur when the Moon is at perigee – it is the only time when the disc of the Moon looks big enough to cover the entire disc of the Sun. (The distance between the moon and the earth is the closest)

9. 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? What does a partial solar eclipse look like? What will the Sun look like if you are standing outside the umbra and penumbra? 
If an observer sees a total solar eclipse, the observer is standing in the umbra.
If the observer sees a partial solar eclipse, the observer is standing in penumbra.
A partial solar eclipse looks like there’s a bite in the Sun.
A total solar eclipse looks like darkened sunlight moving. (only time moon appears to cover sun’s disk)
If you stand outside the umbra and penumbra, the sun or moon cannot be seen as you are on the other side of Earth.

10. What is the cause of a lunar eclipse? What is the Moon’s phase when this happens?
When moon passes through earth’s shadow, sunlight is cut off and moon darkens in lunar eclipse (moon passes through earth entirely). Lunar eclipse lasts few hours.
Full moon phase when it happens.

11. Why do eclipses not occur every lunation? What do we call the time period when eclipses can occur? On average, how many lunations are there between these time periods? Why are there always at least 1 (or 2) solar eclipses and 1 (or 2) lunar eclipses during these time periods? 
They do not occur every lunation because the moon's orbit is tilted 5 degrees from the plane of the Earth's orbit around the Sun
Eclipse season
On average there is one lunation per season 31-38 days
Because they will always intercept. The oon’s orbit will be coplanar with the earth’s orbit around the sun.

12. What does a total lunar eclipse look like? What does a partial lunar eclipse look like? What does a penumbral lunar eclipse look like?
Total lunar eclipses are also called “Blood Moons” because the Moon looks red during totality. During partial lunar eclipse phase, the Earth’s umbra starts covering the Moon! (Biting a donut) Penumbral lunar eclipse is not easily seen by the naked eyes.

13. If a total lunar eclipse is seen, what is the Moon passing through? What is the Moon passing through during a partial lunar eclipse? What is the Moon passing through during a penumbral lunar eclipse?
When total lunar eclipse is seen, the Sun, Earth and Moon are aligned in a straight line. During partial eclipse, the moon passes through the Earth’s umbra. During a penumbral lunar eclipse, the Moon passes through the penumbral part of Earth’s shadow.

14. In the Dresden codex, what does the repeated occurrence of the numbers '177' and '148' tell us that the Maya understood? What is the significance of the length of the table? 
177 represents the number of days in 6 lunations.
148 represents 5 lunations which is the # of days between eclipse seasons.
The table contains 1 complete eclipse cycle of Mayan dates, so eclipses can be predicted for eternity.

15. 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?
Yes

16. Why do eclipses not occur every lunation?
Because of the 5 degree tilt of the moon’s orbit

17. What do we call the time period when eclipses can occur? On average, how many lunations are there between these time periods? Why are there always at least 1 (or 2) solar eclipses and 1 (or 2) lunar eclipses during these time periods?
Time period when eclipses can occur: eclipse season
There will always be eclipses at these time period because the moon’s orbit will be coplanar with the earth’s orbit around the sun (They will always intercept)

18. Why are lunar eclipses seen more frequently than solar eclipses?
Solar eclipses are location dependent; lunar eclipses can be seen by everyone on the night side when it comes
Chapter 3 Review

1. 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?
Next to the Sun and Moon, Venus is the brightest object in the sky. As well Venus moves with the stars, its position changes relative to the stars.
Kukulcan disappeared into the mountains one day and was never heard from again. Shortly after Venus appeared in the sky.
2. 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’s 1st appearance is brightest at sunrise, appearing with the sun
3. 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?
Morning.
Dimmer because it’s getting further from the Earth.
Disappears because it's hidden by the Sun.
Evening star.
Getting brighter because it’s moving closer to Earth.
It then disappears as its dark side faces the Earth.
4. Look up the date of the most recent heliacal rise of Venus, and use this to figure out Venus’ current appearance. Is it visible or invisible? If it’s visible, is it a morning or evening star? Is it getting brighter or dimmer? If it’s invisible, why is this?


5. 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 dates correspond to the appearances and disappearances of Venus. The significance of the total number of rows is that the table is complete, so it can be used to predict Venus for eternity.

6. What was it about the geography and climate conditions in the region of Ancient Babylon that motivated the Babylonians to study the sky?


7. From what civilization did we inherit our units of time and angle? (e.g. 60 minutes in 1 hours, 360 degrees in a circle.) Why are there so many 60s in these units?
We inherited units of time and angle from the Babylonians. There are so many 60s because their choice was a base-60 system due to the many factors and they found this very convenient.


8. 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 elliptic (the Sun’s path). They are groups of stars that are named according to their appearance. The Babylonian astrologers found these significant because although the Sun and planets move, the stars are fixed to a strip. Zodiac Constellations is Greek for circle of animals. Our astrological constellation is the Sun’s constellation in the month’s we are born in. Basically the Sun is facing the constellation, so we are not able to view our zodiac sign.

9. For each of the 5 visible planets, what aspect of their appearance was used to choose the Babylonian/Greek god to name them for?
They named the planets after the gods they best described.
Mercury is known to be the fastest planet in the Solar System, so they associated it with their scribe god Nabu, which the Greeks associated with their messenger god, Hermes.
Venus was named Ishtar by Babylonians, and Aphrodite by Greeks due to it being close to Earth and similar in size.
Mars has a distinctive reddish glow to it, and Babylonians called it Nergal, the god of war, and Greeks called it Ares, god of war.
Jupiter appears very bright due to its enormous size and they saw the motion was very slow and stately. Babylonians therefore named it Marduk after their supreme god, and Greeks named it Zeus due to its apparent royal motion.
Saturn was named Ninurta by Babylonians which is the farmer god, and Kronos, god of harvest/old age, which fit perfectly due to Saturn’s super slow orbital period.

10. What was the primary motivation for studying the sky in Ancient Egypt?
To keep track of time, in order to predict when to harvest food and when to plant crops. Survival depended on the flooding of the Nile River.
11. Why do we see different stars and constellations at different times of the year?
Earth’s annual orbit around the Sun causes a change in our visible window of stars each night.
12. Why did the Ancient Egyptians divide the day into 24 hours?
Egyptians tracked time at night using constellations and saw 12 of these constellations rose each night. They divided night and day into 12 hours each, which means a 24-hour day.

13. 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?
Because the time it takes for the Earth to orbit the Sun isn’t exactly 365 days.
Pope Gregory XIII, and he learned it from Julius Caesar, who got it from Egyptian civilization.
14. Why do we now use the Gregorian calendar instead of the Julian calendar?
Julian calendar was replaced because it did not properly reflect the actual time it takes the Earth to circle once around the Sun. Julian Calendar has too many leap years. The Gregorian uses a much more accurate rule for calculating leap year. 

15. 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 any of these phenomena?
Supernova – explosive death of a massive star 
Comet – a star like looking object that appears temporarily in the sky, composed of rock and ice. As they reach part of the orbit they heat up, and have bright tails.
Planetary Conjunction – when multiple planets line up in the same region of the sky (not star-like, but predictable event
The events did not take place anytime near the appearance of the Star of Bethlehem.


16. What is the only plausible celestial event to explain the Star of Bethlehem? Describe what this event looks like and why it occurs.
Planetary Conjunction: multiple planets line up in the same region of sky appearing as a bright star because of their overlapping. 
Star-like but rare and predictable event with astrological importance, planetary conjunction is possible because we can see Jupiter and Saturn lined up during that time. Looks like planets coming together in the sky.

Chapter 4 Review

1. Why is Thales called the "Father of Science"? According to legend, what celestial event did he successfully predict in order to prove his philosophy?
Considered the “Father of Science” for attempting to find explanations for natural phenomena that didn’t involve the gods. He explained earthquakes by saying that the earth floats on water and therefore earthquakes are due to the earth being rocked by waves. He predicted the solar eclipse in 585 BC and the prediction was made based on the records of the Babylonians.

2. What did Anaximander believe about the Earth?
Believed the Earth was “afloat” in the air, explained the motion of celestial bodies by placing them on spinning wheels around the earth.

3. What was Pythagoras proposing when he called the Universe a "cosmos"? What did he propose about the shape of planetary orbits?
Universe is a cosmos – a harmonious system that obeys knowable laws. He taught that all celestial motion is perfectly circular and the earth is a sphere.

4. Who proposed that the Earth is round? Describe 3 observations that suggest this.
Pythagoras proposed that the earth is round. 3 observations: ships gradually disappear on the horizon bottom first; earth’s shadow on the eclipsed moon is always round; when you travel north or south, the constellations rise and set more rapidly than they would if Earth was flat.

5. What did Philolaus believe about the Earth? What did this belief explain about the sky?
First person to propose that the Earth actually moves through space. Allowing Earth to rotate once per day around a celestial fire and central fire was not the sun, it can’t be seen because he thought only one side of Earth is inhabited. Between Earth and central fire is an anti-earth, kept the earth from getting burned.

6. What did Herakleides believe about the Earth?
Set the Earth spinning daily around its own axis, removed the central fire and allowed it to spin. Believed the daily rising/setting of the sun could be attributed to the Earth’s daily spin.

7. What did Herakleides believe about the motion of Mercury and Venus, and why?
Placed mercury and Venus in orbit around the sun to explain the sun-centred appearance of their motion and changes in their brightness. The path of Venus and Mercury are different around the Sun, Venus always appears to be making a loop around the setting/rising of the sun.

8. 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?
Used Earth’s shadow on the eclipsed moon to measure the moon’s size relative to the Earth’s. Used the angle in the sky between the sun and the quarter moon to measure the sun’s distance and size relative to the moon. He learned that the moon is smaller than the earth, the Sun is much larger than the Earth and the Earth is larger than the moon. Moon and sun have a smaller angular size in the sky. His conclusions led him to propose a heliocentric model of the universe.

9. What measurement is Eratosthenes famous for? What tool did he use to obtain his result, and what did he physically measure with this tool?
Earth’s circumference. He used a stick. He measured the length of the stick’s shadow and the length of the stick to find the angle between the stick. The calculations provided him the distance from Alexandria to Syene.

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 motion (forward – W to E) and retrograde motion (backward – E  to W)

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 motion is non-constant. 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 taught that all celestial bodies are perfect spheres with constant circular motion

13. According to Eudoxus, what do the planets reside on in space? 
Planets reside on invisible nested spheres known as crystal orbs

14. Why did Eudoxus propose that each planet is carried around Earth by two counter-rotating spheres?
It was to explain the retrograde motion of planets while maintaining CCM.

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?
Earth is fixed at the center of the universe. Universe is divided into the terrestrial realm (Earth) and the celestial realm (the heaven). Earth is composed of 4 elements: air, water, earth and fire. All matter comes from the earth element, merely surrounded by water. Air and fire don’t have tendency to return to earth. Air above water layer, and fire comes from layer above the atmosphere

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 Eudoxus' model. The orbit shapes are perfect circles. The planet speed through space is constant.

17. How did Aristotle explain the daily motion of the sky?
Aristotle concluded that the Earth has no motion on earth, he said, nature is chaotic and unpredictable, but in the sky it’s an unchanging eternal predictable cycle – cosmos

18. What was Aristotle's explanation for the source of all motion in the Universe?
Belief that God created the Universe but they accepted the scientific method… it's summarized in diagram #13 in the online images.

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

20. Describe the components of Apollonius' epicycle model. Where is the Earth in this model? Is all motion constant and circular in this model?
Earth is in the centre. Then the moon, Venus, Sun, Mars, and the rest of the planets.
Yes the epicycle model has CCM.

21. How does Apollonius' epicycle model explain the 3 features of planetary motion?
· Allows the planet to go in retrograde motion
· The brightness changes due to the changing distance
· When the planet’s direction is the same as the epicycle itself, it makes the planet appear fast

22. Which feature of the Antikythera Mechanism suggests that it was constructed to predict the motion of the celestial bodies using Hipparchus' model?
It contains a set of gears which move in the same way as Hipparchus' model of the Moon's motion.

23. 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?
Earth’s orbital period is 20 min longer than the solar year, which means the equinox positions are precessing (shifting backwards) each year. Hipparchus' discovery of the pole star is very important because when trying to determine the position of a star on any given date, future, or past, the precession of the equinoxes must be taken into consideration. After 1000 years, it accumulates to 10 degrees, and changes our zodiac signs.

24. Explain briefly how it was determined that the Farnese status of Atlas is holding a celestial globe constructed from Hipparchus' lost star catalogue.
In 2005, a pictorial record of a star catalogue was found on the Farnese Atlas, a 7-foot statue in Naples, Italy. The star coordinates on the statue are precessed ~2100 years from today. This dates the coordinates to Hipparchus' time, suggesting that the statue was created from his lost catalogue.

25. What was the name of the definitive Astronomy textbook written in roughly 150 AD, and who wrote it?
Mathematical Treatise by Ptolemy also known as the Almagest.

26. 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? 
The speed would be non-constant. The fact that the epicycle is non-constant in terms of speed conflicts with the Aristotelian view.

27. Why did Ptolemy establish 2 different rules which attach the motion of the planets to the Sun?
To explain why Mercury and Venus always appear close to the sun in the sky, while Mars, Jupiter and Saturn don't

28. 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)?
The Sun and Earth were incorrectly switched. He assumed that there is no empty space between the adjacent orbits because if there wasn’t, the entire system will fall apart.

Chapter 5 Review

1. Describe how the knowledge of the Ancient Greeks was preserved during the Dark Ages.Why were Islamic scholars interested in the astronomical knowledge of the Ancient Greeks?
The Almagest was of great interest to Islamic scholars since it contained detailed instructions on how to predict patterns of the sky. These translations allowed the astronomical discoveries to survive through the dark ages.

2. Why is Ptolemy's astronomy textbook known as "The Almagest"?
The Arabic translation of Ptolemy's book was named "The Greatest" in Arabic, because it had so much importance to the Islamic astronomers. When the book was later translated into Latin, it was named The Almagest, which is Latin for The Greatest

3. Why are most star names Arabic in origin?
Islamic scholars created star catalogues where stars were renamed with Arabic descriptions. When the catalogues made their way into Europe, the Arabic names persisted. Many of the stars today are western pronunciations of the Arabic names for the stars.

4. Whose cosmology did the medieval Church adopt, and why? Was it geocentric or heliocentric? 
The medieval Church adopted Aristotle’s cosmology because it put the Earth at the center of the Universe and the unmovable planets have a circular motion around it. It was a geocentric model. Regiomontanus played a role in propelling this because he also thought outside the box and said that mathematically, the arrangement of the Earth being in the centre and planets moving around it is the same as making the planets stationary with the Earth going around the planets

5. Describe (briefly) Buridan's correct explanation for why an arrow will hit you on the head whether Earth is moving or not. Why did this realization pave the way for heliocentrics like Copernicus?
Earth’s spin imports impetus to the arrow, causing it to move with the archer. Thus the arrow will land on the archer’s heard whether Earth is moving or not. This showed that a fixed Earth and a moving Earth are equivalent from our perspective on Earth.

6. According to Copernicus, what do the planets orbit around, what is the shape of their orbits, and do they move at constant or non-constant speeds through space?
Sun, circular, constant. 

7. What are the 3 components of Earth's motion?
Earth’s daily spin around its own axis, earth's annual orbit around the Sun, and the 26,000-year wobble of Earth's spin axis 

8. What was Copernicus' correct explanation for retrograde motion?
Earth overtaking another planet.

9. In the Copernican model, when do planets appear to slow down and increase their brightness, and why? Does this match what we observe in the sky?
As Earth approaches the planet in its orbital path, the planet appears to brighten and slow down. This is due to the retrograde motion. And yes it matches what we observe in the sky.

10. What was Copernicus' correct order of the planets?
Mercury, Venus, Earth, Mars, Jupiter, Saturn

11. In the Copernican model, what is the explanation for the different motion of Mercury and Venus compared to Mars, Jupiter and Saturn?
Venus and Mercury are inner planets (explaining their constant nearness to the Sun). Provided a simple reason as to why Venus and Mercury always appear near the Sun.

12. When Copernicus compared the orbital periods of the planets with their orbital radii in his heliocentric model, what did he find?
Copernicus found that when he measured the orbital radii and orbital periods using independent methods, his measurements ordered the planets in the exact same way - this convinced him that his heliocentric model was correct. He also found that the further away the planet, the longer the orbital period

13. What is the (shortened) name of Copernicus' famous book in which he presented his heliocentric cosmology? What did Copernicus' colleague add to the book in order to make it appear less controversial?
“de Revolutionibus.”

Chapter 6 Review
1. 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 discover? Who completed this discovery for him?
Observed the overlapping of Jupiter and Saturn-measured 2 celestial bodies as they closed with each other. The Copernican tables were several days off in predicting this event. In his youthful enthusiasm Brahe decided to devote his life to the accumulation of accurate observations of the heavens, in order to correct the existing tables.a planetary conjunction. the dates predicted by Ptolemy and Copernicus were both wrong, so Tycho decided to discover the true model of our planetary system in August 1563 Brahe witnessed a conjunction of Jupiter and Saturn. What piqued Brahe’s interest was the fact that all the existing almanacs and ephemerides predicted this event inaccurately; even the Copernican tables were off by a couple of days. His devotion to accuracy extended beyond astronomy. On December 29, 1566, he challenged another Danish nobleman to a duel to decide an argument over a mathematical problem.

2. What discovery did Tycho make about the supernova of 1572, and how did it contradict Aristotelian beliefs about the heavens?
The coordinates of the 1572 supernovae ("Tycho's Star") remained fixed relative to other stars. The even therefore occurred in the orb of stars, which suggested that the orb of stars is not eternally unchanging

3. Is “Tycho’s Star” still visible without a telescope? How can we tell today that a supernova really did occur in the Cassiopeia constellation?


4. 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 the parallax. 

5. Why did Tycho Brahe believe that the Earth is motionless?
His calculations of the stellar parallax led to a distance of 7000 AU. No star can be closer than 7000 AU, otherwise Tycho would have been able to see their parallax shifting without a telescope. 
Tycho's failure to measure the stellar parallax led him to reject Copernicus's idea that the Earth orbits the sun

6. What is an astronomical unit?
The distance between the Earth and sun.

7. 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?)
Tychonic system: planets orbit the Sun while the Sun orbits Earth. Earth  does not move in this model.

8. 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?
He proved the 1577 comet was a celestial body by measuring the comet's distance from it's parallax. He made two sketches of the comet from two different points Copenhagen and Hven and they appeared to have shifted, also known as the parallax. He also measured the angular shift, plugged the shift into the parallax equation, and retrieved the distance to the comet. The parallax distance was further than the distance to the Moon. This also proved that the “crystal orbs” do not exist.

9. 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?
The 5 perfect solids, because they fit within spheres within the 5 spaces between the 6 visible planets. Planetary orbits are circular in this model, with the Sun at the centre. Kepler believed he was correct because the orbital radii in his model matched the orbital radii obtained with the Copernican model, and the Copernican model was known to predict the planets motion reasonably well.

10. 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?
The poles of the magnets line up exactly with the Earth's geographic poles. Earth's geographic north magnetic pole, is the South Pole and vice-versa. Explains why the north pole of a compass needle always points to the North Pole. So the compass needle is really pointing towards the south, but needle faces the north.

11. What is it about the planet Mars that led Kepler to the true shape of planetary orbits? 
Mars’ orbit is eccentric, so Keplar wasn’t able to fit Mars’ coordinates to a circular orbit. Mars’ elongated orbit led Keplar to force himself to consider planetary orbits aren’t perfect circles.

12. 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 zero eccentricity.

13. What is the semi major axis of an ellipse? What does the eccentricity of an ellipse refer to?
Semi major axis is one half of the ellipse's longest axis. Eccentricity describes the elongation of the ellipse - a highly-elongated ellipse is highly eccentric.

14. What does perihelion and aphelion mean?
Perihelion is when a planet moves fastest when nearest the Sun in its orbit. Aphelion is it’s slowest when it is furthest away from the Sun in its orbit.

15. 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 the Sun (perihelion) and slowest when furthest from the Sun (aphelion)

16. What are the Rudolphine Tables and who wrote them? Whose planetary model/laws are they based on?
The Rudolphine Tables consist of a star catalogue and planetary tables published by Johannes Kepler based principally on the observations of Tycho Brahe.

17. 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 square of a planet's orbital period is equal to the cube of the size of its orbit (i.e., the more distant the planet is from the Sun, the slower its orbital speed). He was looking for a pattern to fit the spacing of the planets, and proposed they frequencies of the planets are in harmony with each other.


Chapter 7 Review

 
1.     What is refraction? What did Galileo's refracting telescope consist of? What does the primary lens do? What does the eyepiece do?
Refraction is the bending of light from one medium to another (e.g. from air to glass. 
The job of the convex primary lens is to capture as much light as possible and direct it towards the eye so the eye can see objects that were previously invisible to it. 
The eyepiece which is curved toward the outgoing rays and this is called a concave lens. Concave lens causes light rays to bend outward. The job of the eyepiece is to bend the rays outwards. The rays from each source are again parallel to each other as they were when they left the star. This allows the rays that finally reach the eye to produce a focussed image of each star.

2.      What change did Kepler make to the refracting telescope, and why?
Kepler replaced the concave eyepiece with a convex lens. Convex lens points away from the outgoing light. He placed the convex lens which goes beyond the spot where the converging rays from the primary lens intersect each other. The eye piece is now refocussing the rays putting them into parallel, and converges them. Now all the light that enters the primary lens is getting to the eye. Therefore all 3 stars can be seen through the telescope. Produced larger and brighter images.

3.      What did Galileo prove about falling objects? Who did this contradict, and why?
All objects, regardless of mass, fall at the same rate. This contradicted Aristotle’s teachings that heavier elements would return to the Earth sooner than others.

4.      What did Galileo see when he observed the Moon with the telescope? How did this contradict Aristotle's teachings about the celestial bodies?
Revealed that celestial bodies are not perfect unblemished spheres.

5.      What did Galileo discover when he observed the Milky Way with the telescope? How did this contradict Aristotle's explanation for the Milky Way?
He saw that the Milky Way is not atmospheric (as Aristotle taught), but the combined light from millions of stars.

6.      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?
Galileo saw that the planets look MUCH bigger than stars through the telescope. This could mean that the stars are much further away, perhaps so far away that their parallax can't be seen.

7.      What did Galileo discover when he observed Jupiter with the telescope? How did this contradict one of the main arguments against heliocentrism?
He discovered Jupiter's four brightest moons. This showed: If Jupiter can move with its moons, so can Earth.

8.      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?
Galileo observed Venus' phase changes, including the gibbous phase. This proved that Ptolemy's model is wrong, because this model only allows crescents. But, this discovery did NOT prove that the Copernican model is correct, because the Tychonic system also allowed for gibbous phases of Venus.

9.  What is Venus' phase when it appears smallest, and why? What about when Venus appears biggest?
When Venus is a crescent it is biggest because it’s closest to Earth; it's smallest when in gibbous phase when furthest from Earth.

10.  Why did Galileo not observe phase changes in the outer planets?
The outer planets only exhibit gibbous and full phases, which are impossible to distinguish with a small telescope like Galileo's.

11.  What did Galileo see when he observed Saturn with the telescope? Why did this contradict Aristotle? What causes this planetary phenomenon to occasionally disappear?
Galileo saw 2 bumps on either side of Saturn. The bumps were Saturn's rings, but Galileo didn't realize this. Regardless, it contradicted Aristotle, who taught that the celestial bodies are all perfect spheres. The rings disappear whenever we view them edge-on.

12.  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?
Sunspots appear compressed when they near the Sun's edges. This convinced Galileo that they are spots on the surface of the Sun, as opposed to clouds or debris passing in front of the Sun. Aristotle had taught the opposite - that the Sun is a perfectly smooth and unblemished.

13.  What is the significance of the statement “Sun, stand Thou still” from the Book of Joshua?
Biblical. There is a possibility that there was no such astronomical event.

14.  When Galileo heard that he was being demonized by the Catholic Church, what did he do in 1615? What were the consequences of his actions?
Galileo retaliated by publishing a letter which argued that Bible stories are parables and are not meant to teach astronomy

15.  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?
When his friend became Pope, Galileo published "Dialogue on the Two Great World Systems" (1632), a fictional debate between an Aristotelian, a Copernican, and a referee. The Aristotelian ("Simplicio") was portrayed as a fool who spoke the Pope's words, while the Copernican was wise and witty. 

16.  What did Galileo believe to be the cause of Earth's high and low tides? Why did he include this theory in his book?
The book included Galileo's (incorrect) argument that Earth's ocean tides are proof of Earth's motion, a theory that the Pope had previously rejected

17.  As a result of Galileo's book, what was he charged with by the Roman Inquisition in 1633, and what was his sentence?
The Inquisition sentenced Galileo to house arrest for life and to publicly recant heliocentrism as heresy. His books were banned, and he was banned from publishing any further books.


Chapter 8 Review

1. According to Descartes, what is in between the planets, and what drives the planets' motion?
· Space is filled with an invisible fluid (ether) in which the planets are carried around the Sun by whirling vortices. Thus, empty space does not exist.
· Theory of matter is that matter is defined by the amount of space that it takes up
· If matter is defined by an amount of space, then all space is matter
· Planetary motion is driven by the matter of space

2. According to Hooke, what causes the planets to move?
1. As Curator of Experiments for the Royal Society, he tested theories in many branches of science
1. He argued, contrary to Descartes, that planetary motion is due to an invisible attractive force that acts across empty space ("gravitational attraction")

3. What does it mean to say that gravity is universal?
1. It's the cause of motion both on Earth and is 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? What would happen to the Moon's orbital speed if the Moon moved closer to the Earth, and why?
1. Gravitational attraction increases with proximity to its source. Eg. The closer a body is to Earth, the stronger Earths pull on it
1. It would move around the Earth faster because the closer something is to the earth's ground, the stronger pull it has on that object

5. What did Newton invent which made him particularly suited to describing the motions of the planets?
1. A polymath and introvert who, at 25, 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?
1. Prior to Newton, it was believed: when the sunlight passes through glass, the sunlight is permanently changed into coloured light
1. Using 2 glass prisms, Newton proved: sunlight is composed of the colours of the rainbow
1. Concluded sunlight is composed of all the colours of the rainbow and sunlight refracts the white light

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

8. What is chromatic aberration? Why did Newton construct a telescope with mirrors instead of glass lenses?
· The failure of a lens to focus all colours in a light ray at the same point
· ~1670: Newton entered the scientific stage after his development of the reflecting telescope, which eliminates the chromatic aberration of glass lenses
· Primary mirror, being bent, can direct the light toward the secondary mirror in order for you to see it

9. Why are all large modern telescopes reflectors rather than refractors?
1. 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?
· Defines the rate at which the attracting force decreases as it gets further from its source
· Can be used to predict the motions of the planets around the sun
· Inverse law [a 1/d]
· Rate in which gravity weakens is 'inverse square law" [a 1/d2]
· Dealing with a quantity that weakens with distance
· If doubled, pull weakens by 4, or to 1/4
· By 9, 1/9

11. 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
· To prove this, the inverse-square law must lead to Kepler's Laws of planetary motion
· 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
· No one came forward to claim the prize
· When no one claimed it, Halley took the challenge to Newton and discovered that he'd already proven it

12. 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".
· 6 years after the publishing of the book, he was made president of royal society for life
· Upon being elected, he banned Robert Hooke and had all portraits of him destroyed

13. What did Newton prove about Kepler's 3rd Law? What does the value of k measure?
· The fundamental principle: all objects attract each other with an invisible force ("gravity"), that acts across empty space and decreases with the square of the distance between the objects
· Today we know: the law of gravity fails in extreme environments (eg. Mercury's orbit), but it's still used in most situations
· Newton proved: Kepler's 3rd Law (P2 = k x a3) applies to all orbital motion, where k depends on the mass of the central body
· K is the proportionality constant

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?
· By applying Kepler's 3rd Law to the orbits of the moons of Jupiter & Saturn, he calculated the planets' masses
· Their masses, compared to their large sizes, revealed: they are low-density planets, and therefore gas giants.
· Less dense

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.
· Newton showed: Earth's tides are a result of the Moon's gravitational pull on Earth's oceans, and to a lesser extent, the Sun's gravitational pull (due to its greater distance).
· Centripetal force
· Strongest at the earth's equator

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?
· Neap tide
· High tide and low tide relatively the same
· Moon is in quarter phase
· Spring tide
· Extra deep high tides and extra shallow low tides
· Moon is in full or new

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?
· Newton showed: a spinning spherical body develops an outward push ('centrifugal force') that is strongest near the equator, causing spinning spheres (like Earth) to develop an equatorial bulge
· Earth's bulge was proven in the late 1600s, when scientists observed pendulum clocks to tick slower at the equator

18. According to Newton, what happens to the shape of spinning spherical bodies? What does Earth have as a result of this?
1. Perfectly spherical Earth would experience a balanced net pull toward its orbital plane
1. Instead, Earth's equatorial bulge causes an unbalanced pull, since Earth's near side is pulled harder than its far side

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?
1. Newton showed: the precession of Earth's spin axis is due to the combined gravitational pulls of the Sun, moon and planets on Earth's bulge
1. Once every 26,000 years
1. Newton showed: an orbiting object orbits the centre of mass of its system (i.e. the average location of all mass in the system).
1. Therefore, the Moon doesn't orbit Earth's exact centre - both Moon and Earth orbit a point inside Earth, but slightly offset from Earth's exact centre

20. What was Newton's theory about the motion of comets? Why do we see them so infrequently?
· Newton found: the positions of the Great Comet of 1680 fell on a highly-elongated elliptical path around the Sun
· He concluded: comets orbit the Sun according to Kepler's 3 Laws, just as planets, except that comet orbits are more eccentric 
· Which explains their longer orbital periods).

21. What 2 reasons led Halley to suspect that the comets of 1456, 1531, 1607 and 1682 were the same comet?
1. To prove Newton's theory, Halley looked for historical comet sightings that might be repeat visits by the same comet
1. He found 4 retrograde comet sightings between 1456 and 1682 at equal intervals of ~76 yrs. He proposed: they were the same comet with an orbital period of ~76 yrs.

22. Why was the comet of 1758 named "Halley's Comet"?
1. Halley predicted the comet's next appearance for December 1758.  When the prediction came true, the comet was named 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)?
· Longitude
· Location's angle East or West from the line of 0degrees Longitude (i.e, Prime Meridian
· Need to know the time of day at sea
· The Earth is split up into 24 longitudinal slices of 15degrees in width, which is the amount of Earth that rotates every hour. These are the approximate boundaries of our time zones.
· England's navy suffered huge losses due to their inability to track time (and therefore longitude) at sea
· 1675: King Charles II founded the Greenwich Observatory, where the "Astronomer Royal" was instructed to find an accurate way to use the sky to solve the longitude problem
· 1675-1742: The Astronomer Royals Flamsteed & Halley produced the stellar & lunar tables required to track time with the Moon
· 1768: Captain Cook used the lunar tables produced at Greenwich to successfully track time at sea via the Moon's motion
· 1884: Earth's line of zero longitude (Prime Meridian) was established at England's Royal Greenwich Observatory in honour of its role in solve the Longitude problem

24. Describe (briefly) how the value of the Astronomical Unit (AU) was 1st measured in kilometres. What important quantity could be measured once the value of the AU was known?
1. A planetary transit is the passing of a planet in front of another celestial body (e.g., the Sun)
1. Halley proposed: the parallax of planetary transit of the Sun be used to measure the value of the AU
1. Since the orbit of Mercury and Venus are slightly tilted from Earth's orbital plane, transits of the Sun are rare
1. While Venus transits are much less frequent, they are easier to observe due to Venus' larger transit disk
1. 1769: a Venus transit was successfully used to determine: 1 AU = 150 million km
1. Therefore the size of the solar system (ie. The distance to Neptune) is ~5 billion km
