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Sites of solar connection to the sun
New grange (-3200 BC)
· Oldest known roof box is aligned to the winter solstice sunrise
· Alignment of the tomb likely reflects a belief in rebirth or reincarnation 
· The builders of newgrange believed in some form of reincarnation 
· Very important purpose for community 
· Commemorate an important person

Sundagger of Chaco Canyon (-1000 AD)
· On the summit of Fajada Butte in new Mexico, 2 spiral carvings was found behind 3 stone slabs 
· Natural rock formations. 
· At noon on the solstices and equinoxes, the Sundagger exhibits 2 beams of sunlight which either bisect or frame the spirals 
· The people of Chaco canyon discovered the beams of light behind the stone slabs 
· Figured how to predict the annual path of the sun in the sky

Stonehenge (-3000 BC)
· Stonehenge’s heel stone is aligned to the summer solstice sunrise 
· Dated to 2200 BC
· Stonehenge is connected to rising moon and solar and moon eclipses 
· Advanced intelligence of the sky
· Holes to use to contain ashes after cremation 
· Stone circle to have healing powers 
· Today the summer solstice sun rises behind the heel stone 
· Druids didn’t get to this spot until 2200 BC
· Mystery remains why Stonehenge was originally built 
· When Stonehenge was built the summer solstice sun rose beside the heel stone due to the precession of the equinoxes 
· All principle stones are in pairs 
· This suggests: there used to be 2 heel stones to frame the sunrise 







The Sun’s Daily Cycle 

1. Due to earth’s 24 hour eastward spin around tis 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.  Spins every 24 hours 
2. N-hemisphere: sun is mostly seen on the south side of the sky, reaching due (exact) south at noon 
3. S-hemisphere: sun is mostly seen on the north side of the sky; reaching due (exact) north at noon 

North pole must face south to see sun
South pole must face north to see sun 

Local noon: when your location is facing the sun
Local midnight: when your location is facing the opposite side of the sky from the sun
Local sunrise or sunset: when the suns direction is perpendicular to your location 

The Sun’s Annual Cycle

1. Fall and spring equinox (Sep 23 – Mar 21): sun rises due E & sets due W, spending equal time above and below the horizon (equal day and night). (Equinox: Latin for “equal night”). 12 hours of daylight and 12 hours of night.	Comment by Michael Do: The time when the sun crosses the plane of the earth's equator, making night and day of approximately equal length all over the earth and occurring about March 21 (vernal equinox or spring equinox) and September 22 (autumnal equinox). Equal night

2. Winter solstice (Dec 22): sun rises and sets at its southernmost position, traversing a short, low are in the sky (shortest day of the year and lowest noon sun). 	Comment by Michael Do: Latin for “solar stand still”

3. Summer solstice (Jun22) sun rises and sets at its northernmost position, traversing a long, high arc (longest day, highest noon sun).  

4. In the S-hemisphere, the sun’s daily arcs point north rather than south. 

5. Identifying the sun’s rising and setting positions on the solstices simply requires finding its northernmost and southernmost positions. 

6. The seasonal changes in the sun’s daily are due to earth’s 23.5 tilt from its orbit around the sun. 

7. Winter: when a hemisphere is tilted away from the sun, sunlight hits indirectly (i.e.: at an angle) causing low arcs & less light per area. 




December 22: Winter solstice (southern summer solstice)
September 23: Autumnal equinox 
June 22: Summer solstice (southern winter solstice)
March 21: Vernal equinox 

8. Summer: when a hemisphere is tilted toward the sun, sunlight hits more directly, causing high arcs and more light per area 

9. When one hemisphere is tilted toward the sun, the other is tilted away. Therefore the seasons are experienced at opposite times in opposite hemispheres. 

The Sun and Latitude

1. Latitude: a location’s angle N or S of Earth’s equator 
2. Only within the tropics (1 < 23.5 degrees) can the sun be seen directly overhead
3. At 23.5 (tropic of cancer), the noon sun is in the cancer constellation when the sun is directly overhead (June Solstice) 
4. At 23.5 (tropic of Capricorn), the noon sun is in the Capricorn constellation when the sun is directly overhead (Dec solstice) 
5. The lower your latitude; the higher the sun’s daily paths
6. Low latitudes are therefore warmer because they receive more direct light throughout the year. 
7. Within 23.5 degrees of the poles (arctic and Antarctic circle) the summer solstice sun doesn’t set (24 hrs. of daylight – a polar day) and the winter solstice sun doesn’t rise (24 hrs. of night – a polar night)
8. The higher the latitude; the more consecutive polar days/night


Astronomy in Ancient Egypt (3200-321 BC)

1. In Ancient Egypt, survival depended on the annual flooding of the Nile River.  The sky was therefore studied for time keeping. 
2. Annual cycle of the stars:
· Due to earth’s annual orbit around the sun, our visible window of stars changes each night, so the stars we see can tell us the time of year
· When a star returns to the same position in the sky, Earth has completed 1 orbit (i.e. exactly 365.25 days have elapsed)

3. Within the latitudes of Egypt, the heliacal rise of Sirius (the brightest star in the sky) coincides with the Nile’s annual flood.  Sirius heliacal rise was therefore used to mark each New Year. 

4. Origin of the 24 hour day:
I. The Egyptians tracked time at night using a set of constellations which rise at approximately equal intervals.  
II. On average, 12 of these constellations rise each night, so the Egyptians divided night and day into 12 hours each.

Positional Astronomy and the Cycles of the Stars

1. For centuries, sailors relied on the celestial bodies to navigate

2. E.g. the Polynesians, who were scattered over 1000 islands in the South Pacific, traversed their islands by canoe using the stars 
3. The Celestial Sphere: our view of the sky projected onto the surface of an imaginary sphere; a visual tool for describing the positions of celestial bodies. 
4. Horizon: the circle around an observer, which separates the visible and invisible hemispheres of the sky.
5. Zenith: the point on the sky directly above the observer 
6. A celestial body’s position can be described by its relative coordinates: 
· Altitude: the object’s angle upwards from the horizon 
· Azimuth: the object’s direction along the horizon 
· All galaxies expected to have black holes 

7.  Celestial body’s position can also be described by its absolute coordinates relative to the celestial equator (CE)
· Declination (DEC) = object’s angle N or S of the CE
· Right ascension (RA) = object’s angle (in lower) E or W along the CE is the sun’s position at spring equinox 
· Not location dependent 

8. Since we can’t measure lengths of the sky with a ruler they are expressed as angles (i.e. the angles spanned by a length of the sky)
· E.g.: the full moon’s length spans 1.5 degrees in the sky
· The three power stars of the big dipper spin 10 degrees of the day 
9. As earth spins daily around its polar axis the stars appear to rotate around the NCP and SCP.
· NCP = north celestial pole
· SCP = south celestial pole 

10. The altitude of the visible celestial pole (CP) is equal to an observer’s latitude (the higher the latitude) the higher the CP.

11. Since Polaris (the north star actually a triple star system) marks the NCP a northern observer’s latitude equals Polaris altitude 

12.  Since the SCP has no star it is located using nearby constellations or bright star systems. 

13. The constellations we see depend on our latitude
· N-hemisphere: we see al constellations N of the CE 	Comment by Michael Do: Celestial equator
· S-hemisphere: we see all constellations S of the CE

Constellation is a set of stars when various civilizations come together to make visual connection. Not connected in any way.

14.  Every night at a given latitude, each star rises and sets at the exact same azimuths. 

15. [bookmark: _GoBack]Direction can therefore be found with a “star compass”, in which the horizon is divided into directions marked precisely by the rising or setting of bright stars.
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