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Instructions for All Topics (See also instructions for your specific topic)
Due Date: The observations and graphs will be due in the middle of the semester, BEFORE the rest of the moon project is due. See your syllabus for the exact date.
What to Hand In: Your original completed moon observation tables (pp. MP–49 through MP–62 of this course packet) and your completed graph(s) for your topic (pp. MP-67 through MP-91).
Where to Make Your Observations: The best place to make each observation is in a large open area (a sports field or large parking lot, for example). 

Required Number of Observations: You must observe the moon, focusing on the specific observations required for your topic, on at least 20 different dates (Depending on your topic, you may have to observe the moon several times on some day). At least 7 of these observations must be made during the waning phases of the moon.
 BEGIN YOUR OBSERVATIONS IMMEDIATELY. Don’t wait until there are only 20 days left until the due date.
Data to Record: Record your data in the table entitled “Table of YOUR Moon Observations” and on separate paper as needed. EVERYONE should record the data described below. IN ADDITION, record data specific to your topic as described in your topic description. 

1.
Record the time of each observation. Be sure to include a.m. or p.m. as appropriate.

2.
Under “Sketch of Moon,” sketch the moon the way you see it in the sky by blackening the part of the moon that you CANNOT see; leave the visible part of the moon white. Be sure to clearly show how the visible portion is “tilted” relative to the horizon (on the data table, imagine the horizon as a horizontal line on the bottom of the page).

3.
If it is cloudy out or if you forget to look, make a note of that, but do not sketch the moon unless you actually observe it and do not record any observations that you have not personally made of the real sky (the internet is NOT the real sky). The worst sin that a scientist can commit is to falsify data. Do not commit this sin! Don't laugh–students try it every semester and end up being very disappointed in their moon project grades.

4.
Record your observations as neatly as possible. But neatness is much less important than honesty, thoroughness, accuracy and usefulness. For an example of an observation table made by the great scientist, Galileo, see Figure 20.12 on p. 558 in your textbook.

Suggested Times of Observations: Be sure to make each observation when the moon is actually out. The time period when the moon is out varies from day to day. Use the moonrise and moonset times, stated in the “Table of YOUR Moon Observations,” to figure out when you will be able to see the moon each day. Depending on your topic, some observation times will be better than others; see the description of your specific topic for details.

Specific Instructions for Topic #1: Moon Rise and Set

What to Hand In: 
1.
Extra Data Tables for Topics #1 and #2—Two Observations on the Same “Moon Day”(pages MP–63 to MP–64 of this course packet)

2.
Graphs for Topic #1 (pages MP–67 to MP–72) of this course packet)

Observations to Make
1.
For EVERY general observation you make (see page MP–11), note the compass direction of the moon (is it in the NE, E, SE, S, SW, W or NW part of the sky?). To assure accuracy, use a compass and/or refer to a map. 

WARNING: In Chico, the streets are “crooked;” they are NOT lined up with N, S, E and W. 

2.
On at least 10 days (or nights), observe the moon twice on the same “moon day,” at least four hours apart. In other words, after a given moon rise, observe the moon twice before it sets again. Each time, draw the moon exactly as you see it, record the position of the moon in the sky (relative to N, S, E, W and “up”) and make a sketch of the trees and houses in the foreground. Put all of this information in the table entitled “Extra Data Tables for Topics #1 and #2.”

Use the given moonrise and moonset times on the “Table of YOUR Moon Observations” to determine good dates and times for making your double observations at least four hours apart. For example, on Sunday, February 5th, you will be able to see the moon all afternoon and evening. You could observe it at 4:00 p.m. and then again at 9:00 p.m.
The longer the time lapse between your observations, the better, but it is sometimes hard to find the moon in the middle of the day. So watch for opportunities to make two observations in the dark. For example, on Wednesday, February 15th, you could observe the moon at 10:00 p.m., just before going to bed, and then a second time when you wake up Thursday morning at 6:00 a.m.


Note that both observations may or may not be on the same calendar date. That doesn't matter as long as both observations are made on the same “moon” day. 

What to Graph: 

The table entitled “Moon Facts for the Year 2006” lists times of moonrise and moonset for each date in the year 2006. Use the data on this table to complete the graph for Topic #1, depicting the time when the moon is out for each date between January 1 and April 30, 2006. If you are confused as to how to complete this graph, see the example graph for Topic #1.

A word to the wise: Complete your graph as early as possible and have your lab instructor check it. You already have all of the data you need to complete the graph. The completed graph will help you understand your topic better.

Specific Instructions for Topic #2: Angle of Tilt of the Moon

What to Hand In: 
1.
Extra Data Tables for Topics #1 and #2—Two Observations on the Same “Moon Day” (pages MP–63 to MP–64 of this course packet).

2.
Extra Data Table for Topic #2 (page MP–65)—Six Observations on the Same “Moon Day”

3.
Graphs for Topic #2 (pages MP–73 to MP–76 of this course packet)


Observations to Make:

a.
Make the general observations, as described on page MP-11.

b.
On at least 10 days (or nights), observe the moon twice on the same “moon day,” at least four hours apart. In other words, after a given moon rise, observe the moon twice before it sets again. Each time, very carefully record the following on the “Extra Data Tables for Topics #1 and #2:”

(1)
Record the position of the moon in the sky (relative to N, S, E, W and “up”) and make a sketch of the trees and houses in the foreground.

(2)
Draw the moon so that the angle of the lit portion of the moon relative to the horizon is accu​rately shown. This can be difficult to do correctly if the moon is high in the sky. So be sure to always face the moon as directly as possible, then draw the moon as seen relative to the point on the horizon directly in front of you (i.e. the spot where you can draw an imaginary line straight up to the moon without going past the zenith or going sideways—see diagram below).
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(3)
Using a protractor, measure the angle of the lit portion of the moon relative to the horizon. Record this angle in the “Extra Data Tables for Topics #1 and #2.”

(4)
Observe and illustrate the locations of the darker portions of the moon's surface, called the lunar maria (pronounced like the name “Maria,” except with the accent on the first syllable instead of the second).

Use the given moonrise and moonset times on the “Table of YOUR Moon Observations” to determine good dates and times for making your double observations at least four hours apart. For example, on Sunday, February 5th, you will be able to see the moon all afternoon and evening. You could observe it at 3:00 p.m. and then again at 10 p.m..
The longer the time lapse between your observations, the better, but it is sometimes hard to find the moon in the middle of the day. So watch for opportunities to make two observations in the dark. For example, on Wednesday, March 1st, you could observe the moon at 10 p.m., just before going to bed, and then a second time when you wake up Thursday morning at 6 a.m.


Note that both observations may or may not be on the same calendar date. That doesn't matter as long as both observations are made on the same “moon“ day. 

c.
On at least one day (or night), when the moon is shaped like a crescent or half circle, observe the moon at least 6 times on the same “moon day.” Wait at least one hour between each pair of observations. Each time you make an observation, carefully record all the data described under “b” above on the “Extra Data Table for Topic #2—Six Observations on the Same Moon Day.”

What to Graph: 

1.
Complete the graph of the “Angle of the illuminated portion of the moon to the horizon” vs. the “Time of day the Observation Was Made.” The angle values have already been written on the left side of the graph for you. But YOU must write in the appropriate observation times on the graph yourself; be sure to include “a.m.” or “p.m.” as appropriate. The bold lines on the graph should be one hour apart. 



For example, if you made your first observation of the moon at 8:41 a.m. and the angle between the horizon and the illuminated portion of the moon was 22°, the graph would look like this; you would then add five more data points for the remaining five observations.
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2.
Complete the graph of the “Apparent Rotation of the Illuminated Portion of the Moon  vs. the “Time Lapse Between Observations.” Do this as follows:

a.
For each of the 10 times that you observe the moon twice in one “moon day,” measure the angle between the longest dimension of the illuminated portion of the moon and the horizon for both the “before” and “after” observations. The examples on the next page illustrate the method to use for both crescent and gibbous moons. Note that you should always measure the angle from the right. In other words, a moon that leans to the right will have an angle between 0° and 90°; a moon that leans to the left will have an angle between 90° and 180°.

b.
The moon doesn't really rotate, but it appears to. Measure the apparent angle of rotation of the illuminated portion of the moon that seems to have occurred between your two observations. The examples below illustrate the method to use for both crescent and gibbous moons.

Crescent Moon:
As shown above, the angle between the moon and the horizon was 127° at the time of the first observation; at the time of the second observation, the angle was only 48°. So the moon appears to have rotated 79° clockwise.

Gibbous Moon:
As shown above, the angle between the moon and the horizon was 116° at the time of the first observation; at the time of the second observation, the angle was only 22°. So the moon appears to have rotated 94° clockwise.

c.
Calculate the number of hours elapsed between your first and second observations. For example, if you took one measurement at 5:00 p.m. and one measurement at 12:00 midnight, the “Time Lapse Between Observations” was 7 hours.

d.
For each pair of measurements, plot one data point on the graph for Topic #2 (“Amount of Apparent Rotation of the Illuminated Portion of the Moon” vs. “Time Lapse Between Observations”). The horizontal (X) axis point should be the amount of elapsed time between the two observations you made; the vertical (Y) axis point should be the apparent angle of rotation of the moon during that time.

e.
When you have plotted all of your data points, see if there is any consistent relationship between the “amount of apparent rotation of the illuminated portion of the moon” and the “time lapse between observations.” Note: if  the  data points make a line, even if it is rough, then there IS a consistent relationship that can be approximated by drawing in a “best fit” line.

Specific Instructions for Topic #3: Length of the Moon “Day”

What to Hand In: 
1.
Extra Data Table for Topic #3—Altitude of the Moon at its Highest Point (page MP–66 of this course packet).

2.
Graphs for Topics #3 and #4 (pages MP–77 through MP–88 of this course packet).


Observations to Make
a.
Make the general observations, as described on Page MP-11.

b.
At least five times (preferably more), time your observation so that you observe the moon near its highest point, half-way along its journey across the sky and half-way in time between moonrise and moonset. For each of these special observations, sketch the moon as usual and measure the altitude of the moon (the angle between the moon and the horizon—between 0° and 90°), following the procedure described on the next page. Record these data in the “Extra Data Table for Topic #3—Altitude of the Moon At its Highest Point.”


Make these special observations about a week apart and near the dates of the new, 1st quarter, 3rd quarter and full moon phases. Use the given moonrise and moonset times to determine good dates and times for observing the moon at its highest altitude for any given day. 
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For example, on Saturday, February 4th, the moon will be in its First Quarter phase. It will rise at 10:40 a.m. and set at 12:02 a.m. the next morning (February 5th). Thus, it will be at its highest point at 5:21 p.m. on Saturday, February 4th.


Here's a second example: on Monday, February 20th, the moon will be in its Third Quarter phase. It will rise at 12:28 a.m. and set at 10:18 a.m. Thus the moon will be at its highest point at 5:23 a.m. 

How to Measure the Altitude of the Moon: We will make and use a very simple instrument called a theodolite; materials will be provided in lab.


To construct the theodolite, tape a drinking straw to the straight edge of a protractor as shown in the adjacent diagram.
 Place the eraser end of a pencil against the hole in the protractor and insert a pushpin through the other side of the hole into the eraser—the pencil serves as a convenient handle. Next, tie a plumb bob (a string attached to a weight) to the needle part of the push pin.


To use the theodolite to measure the altitude of the moon, look through the straw at the moon, holding the straw as steady as possible. Let the plumb bob hang freely. Have a partner read the angle (we’ll call it ) through which the string passes. Or, if you are alone, let the plumb bob hang freely as you look at the moon. Then, hold the string in place against the protractor as you lower it and read the angle. 


The altitude of the moon will be 90° - .

What to Graph: The table entitled “Moon Facts for the Year 2006” lists the length of the moon day  (# of hours the moon is up) for each day this year. Use the data on this table to complete the (six-page!) graph of the “# of Hours the Moon is Out.”


A word to the wise: Complete your graph as early as possible and have your lab instructor check it. You already have all of the data you need to complete the graph. The completed graph will help you understand your topic better.

Specific Instructions for Topic #4: Synodic and Sidereal Months

What to Hand In: 
1.
As part of your original completed moon observation tables (pages MP–49 through MP–62 of this course packet), show the stars around the moon on at least 10 dates. Place a red star next to those observations.

2.
Graphs for Topics #3 and #4 (pages MP–77 through MP–88 of this course packet).

3.
Graphs for Topic #4 (pages MP–89 to MP–92 of this course packet).


Observations to Make: 

a.
Make the general observations, as described on page MP-2, that each person must make, regardless of topic.

b.
Whenever you observe the moon at night (at least 10 times), try to figure out what constellation the moon is “in” (use your Star and Planet Locator). In the far right column of the “Table of YOUR Moon Observations,” show the moon and any stars (or planets) that you see around the moon, whether or not you can recognize the constellation. Note: it is easiest to see the stars around the moon when the moon is a crescent. Try to time your 10 observations accordingly.

What to Graph: 

a.
You will plot the astronomical “place” of the moon for each date between September 1 and December 31, 2006. Get this information from the table entitled “Moon Facts for the Year 2006.” Plot this information on the graph entitled “Astronomical ‘Place’ of the Moon.”

b.
The table entitled “Moon Facts for the Year 2006” also lists the length of the moon day (# of hours the moon is up) for each day this year. Use the data on this table to complete the (six-page!) graph of the “# of Hours the Moon is Out.”

c.
On your graph of the “# of Hours the Moon is Out,” label the astronomical “place” of the moon next to each data point representing each of the following:

i.
an average-length moon day (≈ 12 1/2 hours).

ii.
the longest moon day of a cycle (this will show up as an obvious “hump” on the graph)

iii.
the shortest moon day of a cycle (this will show up as an obvious low spot on the graph)

A word to the wise: Complete your graphs as early as possible and have your lab instructor check it. You already have all of the data you need to complete the graph. The completed graph will help you understand your topic better.

� See p. C–1 of your course packet for the definition of a waning moon. Word to the wise: the waning moon is easiest to see in the early morning; and it doesn't have to be dark--you can even see it during the day.





� This diagram is modified from Figure 3 of the “Reckoning Latitude” experiment on p. 200 of Conceptual Physical Science Laboratory Manual (2nd edition), by Paul Hewitt, John Suchocki and Leslie Hewitt: Addison-Wesley, 1999.





*Supported by NSF Grant #9455371. Permission is granted to reproduce this material for classroom use.
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