NAME__________________________


EARTH SCIENCE

AIM:  How does the Sun’s path in New York change over the seasons?
Definitions:
1.  Insolation:______________________________________________________________

2.  Altitude (as it pertains to stars):_____________________________________________  
3.  Angle of insolation: _________________________________________________________

4.  Duration of insolation: ______________________________________________________
5.  Zenith____________________________________________________________________
INTRO:  This activity is going to model how the apparent path of the Sun changes over the course of a year.  It is best to be outside and observing this in the real sky all year long, but since we can’t practically do that we are going to scale things down and you will have to use some imagination! In this activity the following parts are going to be our models.  We will go over them together so you know what each part represents.
	PART OF THE MODEL 
	WHAT IT REPRESENTS

	Plastic dome
	The sky (celestial sphere)

	Paper
	The ground

	The circle on the paper
	The horizon 

	The arcs on the dome
	The Sun’s apparent path for each season

	Where the arc meets the paper
	Sunrise and Sunset positions

	Where the arc is highest
	Solar noon position

	The “Z” or dot on the top of the dome
	The zenith

	N, S, E, W 
	Compass directions


1.  Secure your character to the center of the circle on the paper and have him face south.
2.  Line up your dome with the circle on the paper.  Make sure the middle arc lines up with  

due East and West (for its sunrise and sunset positions.)  Line up the south side of your dome with the south side of the sheet of paper.3.  What represents the horizon for the observer?_________________________
4.  Where would the zenith be for the observer?___________________________

5.  What does each arc represent?______________________________________
6.  Make a color-coded key for the seasons on the top right of your data paper (the large one.)  Write the season and the date next to each one.  The dates are approximate and vary slightly from year to year.
a.  Winter solstice (12/21)  (write in blue)

b.  Spring equinox (3/21)   (green)
 
c.  Summer solstice (6/21)  (red)
d.  Autumn equinox (9/21)  (orange)
SUNRISE & SUNSET LOCATION (compass direction)

SUNRISE

1. Label the sunrise position for the winter solstice by placing a blue dot on the east side of the dome where the blue line meets the horizon.  Draw this dot directly on your large sheet of paper.  It should be the size of an eraser on a pencil.

2. Place the date of the winter solstice next to the dot (also in blue)
3. Label the sunrise position for the spring equinox by placing a green dot on the east side of the dome where the green line meets the horizon.  Draw this dot directly on your large sheet of paper.  It should be the size of an eraser on a pencil.

4. Place the date of the spring equinox next to the dot (also in green)

5. Label the sunrise position for the summer solstice by placing a red dot on the east side of the dome where the red line meets the horizon.  Draw this dot directly on your large sheet of paper.  It should be the size of an eraser on a pencil.

6. Place the date of the summer solstice next to the dot (also in red)

7. Label the sunrise position for the autumn equinox by placing an orange dot on the east side of the dome where the orange line meets the horizon.  Draw this dot directly on your large sheet of paper.  It should be the size of an eraser on a pencil.

Note that the equinoxes have the same position!  Draw them side by side at the same exact direction!
8. Place the date of the autumn equinox next to the dot (also in orange)

SUNSET

1. Label the sunset position for each of the four seasons
a. Follow the same directions as you did for the sunrise locations except you are now plotting your sunset positions on the west side of the dome.

b. Make sure you use the correct color for each season and label the date for each.

c. Again, note that the equinoxes have the same position!  Draw them side by side at the same exact direction.
SUMMARY for Sunrise and Sunset
Using compass directions fill in the information below:

A. What direction does the Sun rise during the winter solstice?__________

B. What direction does the Sun set during the winter solstice?___________

C. What direction does the Sun rise during the spring equinox? __________
D. What direction does the Sun set during the spring equinox?___________

E. What direction does the Sun rise during the summer solstice?_________

F. What direction does the Sun set during the summer solstice?_________

G. What direction does the Sun rise during the autumn equinox? __________
H. What direction does the Sun set during the autumn equinox?___________

I.  Estimate and label in purple where the Sun might rise and set on November 21

J.  Estimate and label in brown where the Sun might rise and set on April 21
The Sun’s Altitude at Noon
The Sun reaches its highest altitude at a time called “local solar noon.”  This is the time it is highest in the sky for an observer. 
On your dome, this is the highest point of each season’s arc.   Note that Sun is always due south at noon!  The solar noon position is marked by an “X” on each path.
1. Using your protractor, place the “zero” end on your paper on the south side of the dome
2. Line up the 90o end with the zenith and hold it there.

3. Carefully measure the altitude of the Sun at noon for each season and record this in your data table on the big sheet of paper. 

4. Please note that the equinox paths should have the same altitude at noon.  Record your measurement where the green and orange lines meet (in the middle of the two colors.)
The Sun’s Path Over a Day (Apparent path!)
1. Measure the angular distance of each path using your protractor.  This is the total number of degrees the Sun “moved” on that date (but remember that the Sun isn’t the one that is really moving—the earth is!)  
You will have to add multiple lengths of the protractor to do this (each arc is greater than 90o)  

Add these measurements to your data table on the big sheet.
2. Determine the number of hours the Sun appears to move for each path.  This will be the duration of insolation for each season. 
3.  Remember that each 15° is one hour of time and that you will need to do some division using this number.  Round each answer to the nearest whole hour.

4.  Fill in your data table with the calculated hours.
5. Standing on the north side of your dome, crouch down and get at eye level with it.  Look through the dome as if you were facing south.  Have your partner trace the path of the Sun for each season using the small Sun cutout.  Then switch roles.

6.  Observe the similarities and differences of each path.
Answer the questions below after completing 1-6.

A. What season has the shortest day? (shortest duration of insolation) _____________  
Why is this the case?_____________________________________________________

B. What season has the longest day? (longest duration of insolation) ___________

Why is this the case?_____________________________________________________

C. How many hours of daylight would there be on either equinox?_______

How many hours of darkness would there be on either equinox?_______

D. For which season does the Sun reach its highest altitude at noon? __________                                                

How does this relate to its length of day?___________________________
     E.  For which season is the Sun at its lowest altitude at noon?__________

          How does this relate to its length of day?____________________________________
CONCLUSION

1. Compare what the Sun’s path is on a winter day versus a summer day.  Be sure to compare the location of sunrise and sunset, its altitude at noon, and the length of the day (the duration of time it is above the horizon.)
2. How are the spring and autumn equinox paths different than the summer and winter solstice?  Again, be sure to compare the location of sunrise and sunset, its altitude at noon, and the length of the day. 
TRUE OR FALSE
Answer each question True or False as it relates to the Sun’s path in NEW YORK.  
If it is false explain why.

1.  The compass direction of sunrise and sunset stays the same all year long._________
2.  If you live in NYS, the compass direction of the Sun at noon stays the 
     same all year long._________

3.  The direction of the Sun at noon is north for all seasons. __________

4.  The altitude of the Sun at noon is the same all year long.____________

5.  A summer day is longer than a winter day because it moves slower along its arc._____________

6.  The altitude of the Sun at noon is highest in the summer___________
7.  A winter day has a shorter arc than an autumn day.__________

8.  The sun rises due (directly) east during the equinoxes.___________

9.  The sun sets due west during the summer._________
10.  The sun rises due east during the winter.___________

11.  In New York, the sun reaches the zenith at noon during the summer._____________
12.  The earth rotates 15o per hour ___________
13.  The Sun actually moves 15o per hour _________
14.  The Earth’s rotation causes the Sun to appear to move 15o per hour _________
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