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Project 2– observing the Moon
Project basics:
(NOTE: we are headed into the new moon or right after it when this project is assigned, so start your observations as soon as project is assigned, consult https://www.moongiant.com/calendar/  or phone app. There are many apps, for Android I would recommend “Daff moon phase”)
This project will be due on (see syllabus) due to its long-term nature. A short report must accompany the observation data that describes what was done, how it was done and what the conclusion is (Minimum 2 and max 3 (or so) pages). Try to get as many observations as you can (at least 20), if a day had bad weather indicate it in the excel file.
USE THE EXCEL TEMPLATE TO WRITE DOWN YOUR OBSERVATIONS. Remember to include your name (and your groupmates) and write down the correct location. It will produce a nice plot as well. You can do this project by yourself or in groups of 2-3 students (3 is maximum!), make sure to include all names in the report, one per group. Each student in the group should submit a copy of the report (e.g. same file for all team members). Your friends/family may join in on this project instead, but they get no official grade.
Much of science, including astronomy, consists of using instruments to describe observations in terms of numbers. A little hands-on experience with the process will show you how it works. Your instruments, the compass rose and the quadrant, have been used in astronomy from the time of the ancient Greeks. By using these instruments to observe the position of the Moon each night, you should gain some insight into the reality of the Sun-Earth-Moon system that we discuss in class. 
[image: https://courses.vcu.edu/PHY-rhg/astron/image/compassplaced1.JPG]The compass rose, shown at the right, above, is easy to understand. Once you line it up so that it indicates North correctly, you can use it to describe any direction by a number, called the azimuth. The photo at the left shows it in action, weighted against the wind by a few stones. Note that you can use a phone app line Compass or similar that allow to get the same information. If you use the printed rose (the high quality image is at the end of this file), make sure you point it in the same direction each evening.

[image: https://courses.vcu.edu/PHY-rhg/astron/image/quadrantphoto.JPG]The quadrant, shown at the right, is used to measure how high above the horizon the Moon appears. You will need to construct it by printing a high resolution image that is at the end of this document onto card stock or photo paper (or regular paper and then glue it on a piece of cardboard or similar) and then doing some cutting and folding. You will also need a string with weight (anything that weighs up to an ounce or so, do not use something too heavy!)
Hold the quadrant in a vertical plane so that the weighted string hangs freely beside the scale and point the edge marked "To Moon" at the Moon. Hold the quadrant like you were aiming a pistol at the Moon and sight along the fold. Pinch the string against the scale with your fingers and then turn the quadrant so that you can see where it is on the scale. The number on the scale is called the elevation.
Useful videos on how to make and use quadrant are below. Another name for it is astrolabe 
https://www.youtube.com/watch?v=xYRpNOIKRzY
https://www.youtube.com/watch?v=sKe-9kWG1xI
https://www.youtube.com/watch?v=97K52rz9Auc 
INSTRUCTIONS for making quadrant:
Print out the page with the quadrant image. Here you really need to use card stock or photo paper. If you do not have a printer that can handle card stock or photo paper, you will have to use rubber cement (Elmer’s glue, glue stick, etc.) to glue a paper printout to a piece of card stock. Cut around the solid line edge of the picture and make a short slit in the indicated place to hold the string. Fold the edges as indicated. Tie a knot in one end of a piece of the string and something (a paper clip, a bead, or whatever) to the other end. Pull the string through the slit and you have your quadrant. Although plain paper only will not work for the final device, it is a good idea to start by making one out of paper so that you can make your mistakes without spoiling your card stock or photo paper.
Making observations
Hold the quadrant so that it is in a vertical plane (indicated by the weighted string just barely touching it). Aim the folded edge marked ‘To Moon’ at the Moon and sight along it as if you are aiming a gun. If the Moon is high overhead, you may need to change the direction you are facing in order to get everything lined up and you may also need to hold the quadrant well away from your face so that the string can swing free. Now pinch the string against the quadrant so that you can read where it is on the scale without having it move. The number that the string is pinched against on the quadrant is the Moon’s elevation or angle above the horizon. Note which way you are facing when you look at the Moon and compare that to the compass card. The number on the card that is closest to the direction you are facing is the azimuth (or the angle from North) of the Moon. Record the azimuth, elevation and the exact time and date of your observation in the spreadsheet.
Plagiarism: Do not copy someone else’s observations. It is OK to work with others as a group (especially since you will be out after dark). However, each group needs to make their own observations and do their own report. Duplicate reports will be regarded as evidence of an honor code violation.

Additional information on the Moon
Phases of the Moon
Unlike the sun, the moon does not give off its own light; instead, it reflects the sun’s light.  Because of the orbit of the moon, we don’t always see the whole moon illuminated. How much of the moon we see depends on the phase it is in. Over the course of a month, you can observe all the different phases. A great way to teach your children about this is to observe the moon every few nights and discuss which phase it is in. If you have binoculars or a telescope, be sure to use them in your observation! During the month, what other changes do you notice? Does the moon always appear to have the same color and size? Your kids might enjoy keeping a journal with sketches and observations of each stage.
There are eight main phases in the moon’s monthly cycle:
	New Moon– the sun, moon, and earth are lined up, with the sun’s light reflecting off the side of the moon facing it. To the earth on the other side of it, the moon appears to be very dark at this stage.

	Waxing Crescent– the stage between the new moon and first quarter; a sliver of brightness is visible on the right. The dark part of the moon is still what is most visible to Earth at this point.

	First Quarter – the moon is to the left of the earth and sun (moving counter-clockwise); the sun’s rays shine on the half of the moon facing it, half of which is visible to Earth. Thus, it appears to be a ‘half-moon,’ half bright and half dark.

	Waxing Gibbous – the stage between the first quarter and full moon, when most of the bright side is visible.

	Full– the sun, earth, and moon are lined up, with the side of the moon facing the earth illuminated.

	Waning Gibbous – occurs after the full moon; the right edge appears to be dark or invisible. The moon is in the position opposite where it is during its waxing gibbous stage.

	Last (Third) Quarter – the moon is to the right of the earth and sun; because the sun’s light only falls on the side of the moon facing it, there also appears to be a ‘half-moon’ in this phase. The side that is bright is now opposite where it was during the first quarter since the moon is on the other side of Earth.

	Waning Crescent – occurs between the last quarter and the new moon; only a crescent of the bright sideshows, on the left edge closest to the sun. The rest of the moon facing us is the ‘dark’ side.



It takes around 29 days for the moon to orbit the Earth once and the same amount of time for the moon to spin around one complete time on its axis. That means that we always see the same side of the Moon! However, we do see the moon changing as it goes through its phases.
[image: New Moon]
While facing the lamp (sun), the surface of the orange (moon) facing you (Earth) was dark, even though the other half of the orange, facing toward the lamp was bright. This is the first phase of the moon, called new moon. We can’t see the moon at all during this phase!
[image: Waxing Crescent]
As you began to turn away from the lamp, a shadow still covered most of the orange, but you probably saw a small crescent shape of light on the right side of the orange. This phase is called waxing crescent.
[image: First Quarter]
The next phase is called the first quarter: the light (sun) shone on the half of the orange (moon) facing it. From Earth, we see half of the light side and half of the dark side during this phase so sometimes it is called a “half moon.”
[image: Waxing Gibbous]
As you continued to turn to the left, the light shone on more of the side of the orange you could see, lighting up all of the orange except for a small crescent. This is the waxing gibbous phase.
[image: Full Moon]
Once you had turned halfway around so that the lamp was directly behind you, the light (sun) shone directly on the orange (moon) making the whole side facing you bright. This is a full moon. During a full moon, the side facing away from Earth is dark. This phase is the exact opposite of new moon.
(Note: if the orange isn’t fully illuminated, try moving your head or shoulders so you aren’t blocking the lamp. If you are blocking it, you’ve created a lunar eclipse – which happens when the Earth blocks the sun’s light from hitting the moon. Normally, the moon is just above or just below Earth so an eclipse doesn’t happen every time there is a full moon.)
[image: Waning Gibbous]
At this point, the amount of the light side of the moon that we can see begins to decrease, or wane. The next phase is called waning gibbous. Most of the moon is still light during this phase.
[image: Last Quarter]
Next is the last quarter (also called third quarter) where only half of the illuminated side of the moon is visible. This phase is opposite of first quarter. Notice that your back is facing toward the direction you were facing when you saw the first quarter phase!
[image: Waning Crescent]
The last visible phase is the waning crescent, where only a sliver of light is visible. This phase is opposite the waxing crescent. After this, you will be facing toward the lamp (sun) again, and the orange (moon) will be back to the new moon phase!
If you’re having difficulty remembering the difference between waxing and waning moon phases, these rhymes might help:
Waxing: “Moon on the right, getting bigger every night.” (Leading to a full moon.)
Waning: “When the moon is waning, it is fading to the left until there’s no moon remaining.” (Leading to a new moon.)

Bibliography:
Some materials have been adopted from:
https://learning-center.homesciencetools.com/article/all-about-astronomy-science/
https://courses.vcu.edu/PHY-rhg/astron/moon.html
https://en.wikipedia.org/wiki/Compass_rose 
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