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1. 
We all know that the sun rises in the east and sets in the west. But what does the moon do? Does it rise in the east and set in the west (like the sun does)? Or, since we know that the moon revolves around Earth from west to east, does the moon rise in the west and set in the east (the opposite of what the sun does)? Prove your answers using your observations. Explain WHY the moon rises where it does and sets where it does. 
a.
Look at the page of drawings you made each time you observed the moon twice in one day. For each pair of drawings, which direction did the moon move between your observations?

b. Where does the moon rise? __________________ Where does it set? _________________

Use specific observations, that you recorded on your data sheets, to prove your answer.

c. Materials:
globe or person (to represent Earth) 


toy figure, taped onto the globe at 40° N. latitude (use Post-it tape ONLY)


polystyrene ball on a pencil or person (to represent the moon)


two sticky notes

Activity 1: Use the materials to model the motions that occur during one 24-hour day. Remember that it takes the moon about a month to revolve around Earth. 

Question: What causes the moon to rise and set?

Activity 2: Use a person to represent the moon; turn the globe the way it really turns (which way is that?) until the “moon” can see California. 

Question: Which direction (north, south, east, or west) would that person in California have to look to see the moon? Why?

Activity 3
Label one sticky note “E” (for east) and one labeled “W” (for west). Use a person to represent Earth; put one sticky note on each cheek. Which sticky note goes on which cheek? Think about it! Have a different person hold up a ball-on-a-pencil to represent the moon.

Earth: Sit on a stool. Start by facing away from the moon. Then spin the way Earth actually does (which way is that?) until you can just see the moon out of the corner of one eye. Is that the east eye or the west eye? Continue turning until you begin to lose sight of the moon, seeing it just out of the corner of one eye. Is that the east eye or the west eye?

Take turns being Earth and the moon.

Question: Why does the moon rise and set where it does? Draw a diagram to illustrate your answer.

2.
The sun always rises in the morning and sets in the evening. The moon, on the other hand, rises and sets at any and all times of the day or night. Why? Is there any pattern to the changes in the times of moon rise and set? What is that pattern? Why does that pattern exist?

a.
Look at your graph showing the time when the moon is out each day during a four-month period. This graph shows that, each day, the times of moonrise and moonset are slightly different from those of the day before. Describe how those times systematically change from one day to the next.

b.
Answer the questions below these diagrams. 
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Moon    rise   /   set
The next Day

Approximate Time of Day 

Draw the person’s position at moon rise

Phase of the moon 

Approximate Time of Day 


c.
Use what you learned in question b to explain the cause of the pattern of moonrise and moonset change that you described in question a.

3.
Is there any correlation between the times of moonrise/moonset and the phases of the moon? If so, clearly explain that correlation and explain and illustrate WHY this correlation exists.

a.
Look at your graph showing the time when the moon is out each day during a four-month period. Complete the table below.

	Phase
	Month
	Moonrise Time
	Moonset Time
	General Description of Moonrise Time*
	General Description of Moonset Time*

	New Moon
	September
	
	
	
	

	
	October
	
	
	
	

	
	November
	
	
	
	

	
	December
	
	
	
	

	First Quarter
	September
	
	
	
	

	
	October
	
	
	
	

	
	November
	
	
	
	

	
	December
	
	
	
	

	Full Moon
	September
	
	
	
	

	
	October
	
	
	
	

	
	November
	
	
	
	

	
	December
	
	
	
	

	Third Quarter
	September
	
	
	
	

	
	October
	
	
	
	

	
	November
	
	
	
	

	
	December
	
	
	
	


b.
Answer the questions on the next four pages. Then, in the space below, explain why those average times are what they are.
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Remember to go back and answer question 3b, several pages back.

1.
As the moon makes its arc across the sky, how many degrees does the lit portion seem to rotate* per hour? 
a.
Transfer information from your graphs to the graph below. Use this graph to determine how many degrees per hour the lit portion of the moon seems to rotate (relative to the horizon).

[image: image10.wmf]
2.
The angle of the lit portion of the moon relative to the horizon changes. For example, sometimes the crescent moon looks like a crooked smile ( [image: image11.wmf]  ); other times it looks like a hat cocked at an angle ( [image: image12.wmf]  ). The lit portion of the moon doesn't really rotate, so why does it look like it does? What is REALLY happening?
a.
Examine the diagrams in the table below. What is the phase of the moon? _______________

b. In each diagram, add an arrow pointing “up” for the person on Earth.

c.
Complete the table, showing what the moon looks like at various times in one “moon day” to a person living at the equator. In each diagram, you are looking down on Earth’s north pole. To better see what the moon looks like, look at another person’s handout with the page turned so that the person is “on top” of Earth (Hint: extend the horizon lines; ignore the grid lines of the table.).

	Time of day
	Location of person living on the equator
	Appearance of moon to that person

	
	          [image: image13.wmf]
	[image: image14.emf]
Horizon Line

	
	       [image: image15.wmf]
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Horizon Line
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d. Explain why, to the person at the equator, the lit portion of the moon seems to rotate relative to the horizon.

e. We don’t live at the equator. We live at 40° north latitude. To show what’s happening at 40°N. latitude, we need to use three-dimensional models; a flat piece of paper won’t do. 

Materials:
Globe 


Toy figure, taped onto the globe at at 40° N. latitude (use Post-it tape ONLY)


Piece of cardboard to represent the toy figure’s horizon


Polystyrene ball on a pencil, painted half black (to represent the dark side of the moon). Insert the pencil on the line between black and white.

Activity:
Complete the table below, modeling each situation. 

For example, for the appearance of the first quarter moon at moonrise, hold the ball-on-a-pencil at the same height as the globe and oriented so that a person on the globe would see a 1st quarter moon. Place the globe in position so that the toy figure would see the moon rising. Tilt your head to line up with the toy figure’s body and draw what that person would see. To help you visualize this, hold up the piece of cardboard in position to represent the person’s horizon (like on the diagrams on the previous page).

	Phase
	Appearance of moon at moonrise
	Appearance of moon at highest point
	Appearance of moon at moonset
	Direction of apparent rotation

	1st quarter
	[image: image23.emf]
Horizon
	Horizon
	Horizon
	

	3rd quarter
	Horizon
	Horizon
	Horizon
	

	Waxing Crescent
	Horizon
	Horizon
	Horizon
	

	Waning Crescent
	Horizon
	Horizon
	Horizon
	


3.
The pattern made by the lunar maria (see Fig. 22.3 on p. 629 of Earth Science (12th edition), by Tarbuck and Lutgens) is always the same but it is not always at the same orientation—sometimes the “rabbit in the moon” is right side up; sometimes it is upside down. Why does this pattern of lunar maria appear to change orientation?

a. Materials:
Globe


Toy figure, taped onto the globe at 40° N. latitude (use Post-it tape ONLY)


Large photograph of the full moon


Page of small photos of the full moon

Activity:
Cut out the small photos of the moon. 

Hold the photograph of the moon upright (the top of the photo is the moon’s north pole), facing the globe and at the same height as the globe. As before, turn the globe to model (1) moon rise, (2) the moon at its highest point, and (3) moon set. For each case, glue a small photos of the moon into the appropriate box of the table to show exactly what the moon looks like to a person at 40° N latitude. 

	Phase
	Appearance of moon at moonrise
	Appearance of moon at highest point
	Appearance of moon at moonset
	Direction of apparent rotation

	Full
	Horizon
	Horizon
	Horizon
	


Question: Do your observations agree with your completed table above? Show specific examples of your observations that agree or disagree with the table.

Question: Why does the pattern of lunar maria appear to change orientation?
1.
We all know that the sun is up much longer each day in the summer than it is in the winter. The length of time that the moon is up each “moon day” also varies. Describe how and why the length of the moon day varies over the course of one moon cycle.
2.
Every day, the moon follows an arc-shaped path across the sky. It first appears at the horizon, then gradually rises up as it travels across the sky. At the half-way point, the moon reaches a maximum altitude (height above the horizon) for that day. Describe how and why the daily maximum altitude (height of the moon above the horizon) varies over the course of one moon cycle.

a.
Examine your graph of the number of hours the moon is out. Focus on the part of the graph from the 1st quarter moon in September to the 1st quarter moon in October. Describe how the length of the “moon day” changed over that time period.

b. Examine this graph, based on data from http://aa.usno.navy.mil/. It shows the maximum altitude of the moon for each day in January, 2009.

[image: image24.emf]0

10

20

30

40

50

60

70

80

90

1-Jan 6-Jan 11-Jan 16-Jan 21-Jan 26-Jan 31-Jan

Date

Maximum Altitude of the Moon


Describe any correlations between this graph and your graph of the number of hours the moon is out each day.

c.
Study the diagram below. If we were to add the moon to this diagram, at the correct scale, the moon would have a diameter of 0.4 inch and would be located 40 inches past the left edge of this page. At that distance, the rays of light coming from the moon would be lined up parallel to each other as shown by the “moon rays” below. 

[image: image25.wmf]
1.
The person drawn on Earth is at 40° N. latitude, viewing the moon at its highest point that day; the moon is in the southern part of the sky. Determine the altitude of the moon at 40° N. latitude on that day. Explain how you arrived at your answer.


Altitude of the moon: 


2.
The person drawn on Earth completes a full circle around Earth’s axis every 24 hours along the line shown. From measurements you make on the diagram, calculate (approximately) the number of hours the moon is out that day. Explain how you arrived at your answer.

 d.
Two weeks later, the moon has gone half way around Earth and is now on the other side. 

[image: image26.wmf]
1. The same person is still in at 40° N. latitude. She is viewing the moon at its highest point that day; the moon is in the southern part of the sky. Determine the altitude of the moon at 40° N. latitude on that day. Explain how you arrived at your answer. 

Altitude of the moon: 


2.
The person drawn on Earth completes a full circle around Earth’s axis every 24 hours along the line shown. From measurements you make on the diagram, calculate (approximately) the number of hours the moon is out that day. Explain how you arrived at your answer.

e.
Why are your answers to parts c and d above so different? What factor determines both the number of hours the moon is out and the maximum altitude of the moon? Explain. 

3.
The moon is out longest during different phases at different times of the year. There is a definite pattern to the month of the year and which phase of the moon is out longest; clearly and fully describe this pattern and explain why this pattern exists.

4.
The maximum daily altitude of the moon varies in a systematic way with regard to moon phase and season. Explain how and why this is true, giving specific examples for each season.

a.
The diagram below shows Earth, tilted toward the right side of the page, in four different positions around the sun. You are looking down on the sun’s North Pole. Add arrows to show the revolution of Earth around the sun and the moon around Earth.

b.
Use a globe, polystyrene ball, and light bulb as needed to help you visualize each situation and complete the diagram. In each “date” blank, enter in the appropriate solstice or equinox. 

[image: image27.wmf]
c.
For each position of Earth on the previous page, circle the moon phase that is out the longest.

d.
For each position of Earth on the previous page, explain why that particular moon phase is out the longest.

e.
For each position of Earth on the previous page, state which moon phase should have the highest maximum altitude and explain why this is so.

1. The number of hours that the moon is out increases and decreases in a cycle. What is the period of that cycle? One synodic month? One sidereal month? One year? Something else? Why? 

a. Review of synodic and sidereal months: A synodic month (29.5 days) is the time it takes the moon to go through a complete cycle of phases. A sidereal month (27.3 days) is the time it takes the moon to complete a 360° orbit around Earth. 

On the diagram below, draw the position of Earth and the moon on the next new moon (Think! Both will have moved!).
[image: image28.wmf]
b. Look closely at your tables and graphs showing the number of hours the moon is out each day. Starting in January and ending in December, count the number of days from one longest “moon day” to the next longest “moon day.” Com​plete the adjacent table; the first part of the table has been completed for you.

c. This cycle is ___________ days long.

d. The period of this cycle is a…. (circle the correct answer)

Day

Week

Synodic month

Sidereal month

Year

Something else



	Date of long moon day
	Date of next long moon day
	# of days in between

	Jan. 9, 2009
	Feb. 5, 2009
	27

	Feb. 5, 2009
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Average:
	
	


e.
Why does that cycle have the length that it does? Draw a diagram to illustrate your answer. (Answer this question after completing most of the other questions in this lab.)

2.
What do the longest moon days of all moon cycles have in common? What do the shortest moon days of all moon cycles have in common? What do the average-length moon days of all moon cycles have in common? Why?
a. Look closely at your graphs showing the number of hours the moon is out each day. You should have written in the place of the moon for each of the longest, shortest and average-length moon days. Complete the table below; the first row has been completed for you.

	Month
	Astronomical place of the moon on the…

	
	Longest Moon Day
	Average-length (12.5 hours) moon day—when moon days are getting shorter
	Shortest Moon Day
	Average-length (12.5 hours) moon day—when moon days are getting longer

	January, 2009
	Taurus
	Leo
	Ophiuchus
	Aquarius

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


b. Manipulate the model celestial sphere, using the small yellow ball to represent the moon. Place the moon “in” each of the above constellations. Describe where these key constellations are located relative to each other. 

c. Complete the diagram below, writing the appropriate constellation names in the four blanks provided.

[image: image29.wmf]
Viewpoint of this diagram: Looking down on Earth’s North Pole; Earth’s axis is tilted to the left. 
d. On the diagram above, circle the constellation name that corresponds to the astronomical place of the moon on each of the longest “moon days.”

e. Which way does Earth tilt, relative to this constellation?

f. Study the diagram below. If we were to add the moon to this diagram, at the correct scale, the moon would be 0.4 inch across and 40 inches past the left edge of this page. At that distance, the rays of light coming from the moon would be lined up parallel to each other as shown by the “moon rays” below. 

[image: image30.wmf]
1. The person drawn on Earth is at 40° N. latitude. S/he completes a full circle around Earth’s axis every 24 hours along the line shown. From measurements you make on the diagram, calculate (approximately) the number of hours the moon is out that day. Explain how you arrived at your answer.

2. Complete the diagram by writing the correct constellation names in the blanks provided.

g.
Fourteen days later, the moon has gone half way around Earth and is now on the other side. 

[image: image31.wmf]
1. The same person is still at 40° N. latitude. She still completes a full circle around Earth’s axis every 24 hours along the line shown. From measurements you make on the diagram, calculate (approximately) the number of hours the moon is out that day. Explain how you arrived at your answer. 
2.
Complete the diagram by writing the correct constellation names in the blanks provided.

h.
Why is the astronomical place of the moon (approximately) the same on each of the longest, shortest, and average-length moon days? Draw a diagram to illustrate your answer.

3.
How long does it take the moon to go through all of the constellations of the Zodiac?
a.
Closely examine your graph of the astronomical place of the moon for a four-month period. Count the number of days that elapsed between when the moon first entered Sagittarius and, after passing through all of the other Zodiac constellations, when it again entered Sagittarius in October. Repeat for October to November and November to December. Compute the average number of days elapsed.
	Date when the moon enters Sagittarius
	Date when the moon next enters Sagittarius
	# of days in between

	
	
	

	
	
	

	
	
	

	
	Average:
	


b.
This average is a… (circle the correct answer) 

year          synodic month          sidereal month          week          day        something else

4.
How do we know that it takes the moon exactly 27 1/3 days to complete a 360° orbit of Earth (a sidereal month)?
a.
Model the revolution of the moon around Earth within the context of the background stars any way that works for you. Use the model celestial sphere. Or use a globe and a white ball on a stick. Or do a variation on the outdoor activity we did at the 2nd planetarium visit. But, instead of modeling the sun and Earth (as shown below), model the moon and Earth; or model all three at the same time.

[image: image32.wmf]
b. Clearly explain how we know that a sidereal month is exactly 27 1/3 days.

Remember to go back and answer question 1e several pages back. 
* Use phrases like “Around sunset,”  “Around sunrise,” “Middle of the night,” or “Middle of the day.”


* I do mean rotate, not revolve. In other words, I mean the change from a hat to a smile, not the movement of the moon across the sky (the Topic 1 folks will worry about that).





* Permission is granted to reproduce this document for classroom use, provided the author is informed (write her at abykerk-kauffman@csuchico.edu). Copies may not be sold for profit. 
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