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Chapter 2: 

Mayan Astronomy: (about 300-1500 AD)

· Mayan sites and records reveal: the Maya tracked celestial cycles in order to worship the Mayan gods associated with celestial bodies.
· Even though Maya started after anscient greek, they got to the idea faster
· Maya developed a written language, so we know that the Maya practiced a religion with multiple gods
· Some gods with celestial bodies
· This religious practice caused a lot of knowledge. Their knowledge went more than the normal movement of the earth cycle
· Pyramid of Kukulcan (El Castillo): 
· 365 steps (shows mayans were aware of the sun’s annual cycle)
· annual serpent-pattern of light and shade tracks the time of the year(e.g, on the equinoxes, full serpent ends at Kukulcan’s head)
·  The pyramide was used as a calneder
· The northern stair case, the shadows are made of the steps
· At the equinoxes, the 7 triangles of light line up together at the Kukulcan’s head
· Takes 45 minutes for the shadow to be made and the 7 triangles to be seen
· Each side has 91 stairs
· We can also find an observatory this was made for tracking the stuff in the sky
· This is a building and see all around the horizon
· El Caracol: 
· Opening in the observatory dome are aligned to the N-most and S-most setting positions of planet Venus (allowed the Maya to measure the duration of Venus’ full path in the sky)
· Every night Venus rises in the east and sets in west
· Venus also has rising and setting points in the sky
· If we are standing in the middle of the dome and look at the openings 
· When venus first appears and last appears
· This was made to look at the Northern most and southernmost points to look at the records of the venus’ cycle
· This took 3 years

· Mayan Bark books: 
· Durable books containing listings of historical events, including celestial events (e.g, the “Dresden Codex” contains Mayan dates of the full eclipse cycle and Venus cycle)
· These bark books have been translated
· Some of the surving books, have some events in the sky
· These have been recorded, shows that the Astronomy was imp. for Mayans
· Astronomy data was recorded by pre Astronomical people
· Over 100 years of the appearing and disappearing the Venus
· Mayan rulers used to look at the venus cycle to time of worship
· Mayans were the pre-Columbian civilization
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Mayan Calender:
· 2012: Mayan Calendar notation ends on December 21,2012. This is not based on any astronomical cycle. Mayan records describe the date as the last date of the one calendar cycle, as opposed to the last of all time.
· The Mayans expressed dates like “19 Tuns” (time intervals)
· The specific time intervals used is different than ours
· The general date in the same 
· Composed of time intervals (similar to us)
· Our notation is infinite, whereas their notation is finite
· The last day for them is Dec 21, 2012 because they cannot represent anymore
· 5100 year calendar
· This is no cycles on earth about this event in 2012
· On Dec 21, 2012 has nothing to do anything about sun clashing
· They had an event that started 5100 years ago (year zero)
· For our calendar, it is the Christ birth (year 0)
· In Mayan records, this is just the event and the cycle is a calendar cycle
· In the next long count cycle in Mayans, they think that the humans after Dec 21, 2012 will going to be more connected to each other more
· After dec 21, 2012 if Mayan survived, then the next day would start over from day 1
· Records do not interpret about any disaster or anything
· On Dec 21, 2012 interpretation of the sky from now, we see that nothing spectacular will happen

Mayan Numbers:
· Mayan Number symbols: visually represent their quantity, making term efficient for addition and subtraction of large numbers. This allowed the Maya to easily record the number of days between celestial events and to recognize their long-term patterns
· This allowed for science to improve and they could just write date and other things 
· Our numbers are numbers but they are abstract. They don’t show what they are. We just have to memorize them.
· However, the visual quantity seen is better shown by their numbers
· This number allowed them to add number of days for venous rise and set and relate to other numbers
· The Egyptians did not find any relations between celestial bodies and did not have number
· Numeric system can affect how a civilizations or group can improve

Eclipses:
· Believed by many civilizations to be heralds of bad times, due to the damaged appearance of the sun or Moon
· Their long-term, complex cycle led many to believe that eclipses are random. The Maya, However, found their pattern
· It looked like a bad thing
· As it is going to disappear, it appears again
· This became normal
· This is a complex cycle 
· It takes 18 years of us to be eclipse
· Many civilizations took some time to find the pattern. They went for 10-15 years then gave up.
· There are 3 ancient civilizations that took time:
·  	Babylonians, ancient Chinese, and Maya
· Mayan had 35 years to see eclipses

Moon Phases:
· Moon appears to change its shape
· We call tem the moon’s phases
· Lunation: one complete cycle of moon phases (about 29.53 days)
· As the moon orbits Earth once a month. Earth sees different portions f its sunlit side, causing the Moon’s appearance to cycle form completely dark (new) to completely illuminated (Full).
· Moon’s phases are due to moon’s movement. Moon has no light. The side that is seen by the moon is the side that is lit by sun
· Moon’s orbit is counter-clockwise
· Full Moon: The right most position, it is completely lit up (full circle) = full moon
· Waning Gibbous: As it goes counter clockwise, some is dark, waning (decreasing from light)
· Third quarter: The top most postion, half lit = Half moon, but we call this quarter moon since we only see the quarter of the moon from the earth
· It is called 3rd quarter, since it is in its 3rd of its way to the sun
· Weaning crescent: Waning=decreasing
· New Moon: 15 days after it was full it becomes completely invisible= New moon
· When the moon is waning (from full to new), it is lit on the left, when the moon is waxing (form new to full), it is lit on the right
· 1st quarter is made (half moon)
· Waxing (inreasing) gibbous 
· The larger the visible portion of the moon’s lit side, the more night hours the Moon is visible (r.g, Full moon is only seen at night)
· Whenever it is above the horizon, then the person can see 
· The more illuminated, the more night time hours you can see
· The more close to sun, the day time it is visible
· For example, Waxing crescent it is a day time moon

Eclipses:
· Solar Eclipses: occurs when the Moon (New) passes between Earth and Sun and casts its shadow on Earth:
· A Total Eclipse: is seen from the parts if Earth in the Moon’s primary shadow (umbra)
· A partial Eclipse: is seen from the parts of Earth in the Moon’s secondary shadow (penumbra)
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Solar Eclipses:
· The shadows depend on where we are in earth
· Total solar eclipse in the umbra
· Outside of the moon’s shadow no shadow seen at all
· People at the night side of earth will not see the eclipse since they cannot see the sun at all
· The penumbra is seen with a chunk taking out of sun and disappear later
· The umbra moves (about 7 min)
· Even thought the solar eclipse can be for hours, but the total eclipse is in a few min
· Penumbra can actually appear on the few continents!
· But umbra is in a small area
· Most of umbra is not even see by us, since they pass on oceans mostly

Lunar Eclipse:
· Lunar Eclipse: occurs when the moon (Full) passes through Earth’s shadow
· Penumbral Eclipse: when the moon passes through Earth’s penumbra
· Partial eclipse: when a part of moon passes through earth’s umbra
· Total eclipse: when the entire moon passes through earth’s umbra
· The reason that the moon seen full at the total eclipsed, the light pollution is gone and we can see the dim portion much more clearly
· The total eclipsed moon appears red because its light has been so dimmed that only its red light makes it through our atmosphere
· The appearance of the eclipsed Sun is location-dependent, while the eclipsed Moon appears the same for all observers
· If we would get out of earth and have a new view, the moon would look white
· All of earth sees the eclipsed moon the same,  everyone sees the fully all over and partial all over the world, but the solar eclipse id location dependent
· Eclipses do not occur every New and Full moon:
· Due to the 5 degrees tilt of the Moon’s orbit, Earth, Moon and Sun are usually not in the same plane (therefore no eclipse)
· The moon in the new moon will mostly be under the plane and in full over the plane, so not always eclipse
· Eclipse seasons (when Moon, Earth and Sun are coplanar) only occur 2-3 times per year and last 31-38 days
· Approximately 6 months apart
· Mostly at eclipse seasons but can occur at all times
· Since an eclipse season >1 lunation, there are 1-2 lunar and 1-2 solar eclipses each season, though only 1 lunar/yr and 1 solar/1.5yrs are seen (solar seen less since observer must be in Moon’s shadow.
· Solar eclipses are seen less often, not because they happen less often (the same as the lunar), but we see less solar
· They are unpredictable, but there is a general repeatable pattern
· The Mayan Eclipses:
· 8 pages of the Dresden Codex (one off the bark books) contain symbolic illustrations of eclipses
· Most of the symbol is seen (the light and dark)
· The sun god and moon god
· They have a volatile love-hate relationship
· The records on these pages were about the events on the sky
· Bottom of each page contains a series of 177s and 148s (# days between eclipse seasosn).
· 177: 6 months
· 148: 5 months
· They figured out the pattern about 5 month- 6 month and eclipse
· Above each 177 (or 148) are the range of Mayan dates expected for that season’s eclipse.
· Each column shows the dates that the eclipses were expected to happen (within 3 consecutive days)
· 177 days later, another eclipse would be one of those dates
· Another 148 days, there would be another eclipse
· If the eclipse wasn’t seen they believed that the gods were happy, but when the eclipse happened, the Augural text would be read by the priest
· The Table spans 1 complete eclipse cycle of Mayan dates, so eclipse warnings could be predicted for eternity.
· The table determined the expectation of the eclipses forever for eternity
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Planet Venus:
· Next to the Sun and Moon, Venus is the brightest object in the sky.
· Venus was there when the Kukulcan (great warior) was disappeared.
· Maya then prayed Venus
· In addition to keeping the records to eclipses
· They took records of Venus. Shown in the Dresden codex
· It looks special, due to 2 reasons:
· Aside from sun and moon, it is the brightest object in the star (nearest object to earth)
· The way it moves across the sky
· In a given night, Venus moves with the stars due to Earth’s spin. But, from night to night, Venus changes its position relative to the stars, revealing itself as a planet (Greek for “wanderer”)
· The pictures (pic 17) we have taken out the earths spin, we are just looking at the movement of the other stars
· Venus from night to night, it is not attached to the other stars and it is moving by itself (no attached to one constellation)
· Venus was the only religious planet they worshiped


Pattern to the Venus’ motion relative to stars:
· Ever 584 days, Venus travels a half-loop around the rising sun, and then disappears. When it reappears, it makes a half-loop around the setting Sun (West), then disappears again. 
· Inferior Conjunction: When Venus is directly between sun and earth it is invisible
· Venus is not a star and has no light of its own
· Helical rise (rising with the sun): The lit side it is starting to appear after a week
· This is the brightest to the Earth (closest to Earth)
· At specific positions, every morning (when appears) Venus can be seen before sunrise or after sunset depending on the side it is
· Since after the sun rises, it lights up the whole sky
· Position after the helical rise
· It gets dimmer and dimmer every day and finally disappears (when it hides behind sun=Superior Conjunction)

The Mayan Venus records:
· 6 Pages of the Dresden Codex contain illustrations of the Mayan war hero Kukulcan, who was deified and linked with the planet Venus
· On each page, bottom 4 numbers are the # of days between the 2 appearances and 2 disappears of Venus (1 cycle)
· Each row gives the 4 Mayan dates of the appearances and disappearances in each 584-day Venus cycle
· The table spans 1 complete cycle of Mayan dates for these events, so they can be predicted for eternity





Astronomy in Ancient Egypt (3200-331 BC)

Ancient Egypt:
· In ancient Egypt, the survival depended on the annual flooding of the Nile ricer. The sky was therefore studied for time keeping.
· Macedonia was divided to Egypt and Macedonia when Alexander the great dies in 331 BC to both the Egyptian and Macedonian generals
· Every year the Nile river floods due to a lot of raining and causes good crop
· The Egyptian wanted to know when the river was going to flood and had to predict when to plant before then

Annual Cycle of the Stars:
· Due to Earth’s annual orbit around the Sun, our visible window for stars changes each night, so the stars we see can tell us the time of year
· The motion of the stars moving is due to the earth’s motion around the sun (not due to the Earth’s daily motion)
· When a star returns to the same position in the sky, Earth has completed 1 orbit (i.e. exactly 365.25 days have elapsed)
· We cannot see stars in the day time (only night stars can be seen), since the sun light is too much and covering every thing
· Within the latitudes of Egypt, the helical rise of Sirius (the brightest star in the sky) coincides with the Nile’s annual flood. Sirius’ helical rise was therefore used to mark each new year.

Origin of the 24-hour day:
· The Egyptian tracked time at night using a set of constellations which rise at approximately equal intervals
· The helical rise became the new year on their Calendar
· On average, 12 of these constellations rise each night, so the Egyptians divided night and day into 12 hours each
· The Sirius was defined as the calendar. The beginning of the year would be the helical rise of Sirius.
· The constellation that the Sirius is in looks like a dog
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NEWS:
· Back in 1990 Nasa and ISA watched the telescope
· Hublescope detects the lights that our lights detect
· Hublscope telescope is really expensive to make and run
· 550 Km above earth
· It is high enough that it was out of the Earth’s atmosphere
· Much clearer space and better image
· When the telescope takes camera has ancient technology
· In the past 20 years, hublespace shows the pics that we have not seen
· It can show the distant objects and different 
· It showed the amazing the picture
· Telescope gathered pics from soo much away from us
· If we can make better telescopes we can get info. about the different years ago (until big bang)
· Hubble deep and Hubble deep field taken by this telescope
· 10000 galaxies were seen
· Finally this week the Extreme Deep Field was captured (22 days of exposure time and double the time of deep field)
· 5000 galaxies captured. They saw:
· 13.2 billion years away (furthest galaxy away)
· Closest to the big bang ever seen
· Extend the knowledge of how galaxies are born
· Can be chosen for the term project

Constellations:
· Constellations could be used to make the day time
· They had equal intervals between day and night
· The 36 symbols show the 36 constellations for the hours
· 12 constellations in summer and more than 12 in winter (longer nights in winter)
· 24 constellations were there in the 24 hours
· Egyptians gave us the 24 hour a day

The Origin of the Leap Year:
· The Alexandrian government of Egypt established a calendar containing 12 30-day months (360 days) with 5 “leap” days to stay synchronized with the 356-day seasonal cycle
· Therefore, the civic calendar was not synchronized and was falling behind (5 days)
· Since the solar year=365.242 days, the civic calendar gradually fell behind the seasons.
· It was changed but even then the .242 was falling behind
· 239 BC: Ptolemy III added another leap day every 4 years: 4 yrs x 365.24 days/yr=4 365-day civic year + 1 day -11.5 min
· even if you add a leap year it would still be too long by 11.5 hours!
· 46 BC: On the advice of the Egyptian astronomer Sosigenes, Julius Caesar incorporated the 4-year leap-day into the Julian Calendar (a 365-day calendar with 12 months of 28-31 days)
· Roman calendar was bad and Caesar wanted to fix this
· There was a leap month added
· But it was not standard
· Caesar fixed this by making it 365 days and added a day every 4 years
· 16th C: pope Gregory XIII fixed the 11.5-miniute error by decreeing: years divisible by 100 (but not 400) are not leap years (our modern Gregorian Calender)
· Now that rule that was divided by 100 but not 400 was not a leap year (this was corrected)

Babylonians:
· The Babylonian is where now Iraq is
· The largest city in its time
· The Babylonians tracked the celestial cycles because they believed that the sky foretold the future. This was the origin of western astrology.
· They thought they could get the info. about the future from the sky.
· Each night, a record of the sky was entered on a table. The daily records, combined with a book of interpretations, were used to predict the celestial events (and their omens) for the next year.

Babylonian Numbers:
· A base-60 system (i.e. containing the symbols for 1-60 multiplied by a power of 60), because 60 has many factors (a convenient base for division).
· They therefore used units that are multiplies of 60:
· E.g, 60 min=1 hour, 60 sec=1 min, 360 degrees=1 circle
· 60 arcminutes=1 degree, 60 arcseconds=1 arcminute
· 60 was continent since it could be divisible by a lot of minutes
· Only the 24 hours was received from egyptions
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The Zodiac:
· The Babylonians divided the stars into groups (constellations and passed on their descriptions to the Ancient Greeks, from whom today’s constellations names originated
· The constellations on the ecliptic (the zodiac constellations; Greek for “circle of animals’) held a special importance, as the Sun, Moon and planets move along this strip of sky.
· They were astrologists and wanted to the the constellations the different planets and sun
· Your zodiac sign is the Sun’s constellations in the month you were born
· The constellation of each month constellation born sun faces (seen 6 months later)
· Due to the precession of the equinoxes, the Sun’s constellations have changed since the zodiac signs were assigned about 2000 years ago.
· Precession of the sun is changing the constellations
· The Babylonians named the 5 visible planets after the gods they best described. The Ancient Greeks adopted this practice, which led to the Greek, them Latin planet names we use today.
· Mercury (speedy scribe/messenger god): namesd for its fast motion across the sky
· Fastest motion in comparison to other panets
· Because of the speed, the named it as the scribe or messenger god
· Venus (goddess of love/beauty): named for its brightness
· Closest planet to us, that’s why so bright
· Mars (god of war/bloodshed): named for its red colour
· Due to the iron 
· Used to be seen in red without the light pollution
· Jupiter (father of gods): named for its brightness and “Majestic” motion)
· It is very big
· Very slow motion
· Supreme God (Babylonians)
· 2nd brigthestst
· Saturn:
· Named for its faitness and slow motion
· Not as bright
· Very far from us
· Agriculture (Babylonians)

The star of Bethlehem:

Legend:
· Appearance of the Bethlehem at the birth of the Christ and at the same place

The possibilities of Bethlehem:
· Supernova: The explosive death of a massive star (can appear as a temporary star, “nova stella” = Latin for “new star”)
· After the explosion sheds and leaves behind a sign
· [bookmark: _GoBack]Very bright and red is a sign of the supernova soon of a old star
· Harmless due to being far from earth
· Sun would not have supernova due to it being small
· Nova: the re-ignition of a dead star which has yanked fresh gas (star fuel) from a companion star (can appear as a sudden, temporary star)
· Dead stars have lots of gravity and can pull gas from the other stars (temporary birth of the dead star)
· Comet: a rocky snowball in orbit around the Sun (can appear as a temporary star)
· Have regular cycles
· have had a lot of influence in Most of our history
· Example was Comet of Caesar
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