SL-TNG Simulation Activity: Phases of the Moon 

Activity Time: 1 hour
Massachusetts Science Framework: 
· SC-8.ES.9 The Earth in the Solar System – Describe lunar and solar eclipses, the observed moon phases, and tides. Relate them to the relative positions of the earth, moon, and sun.
· SC-8.ES.10 The Earth in the Solar System – Compare and contrast properties and conditions of objects in the solar system (i.e., sun, planets, and moons) to those on Earth (i.e., gravitational force, distance from the sun, speed, movement, temperature, and atmospheric conditions). 

· SC-8.PS.11 The Earth in the Solar System – Explain how the tilt of the earth and its revolution around the sun result in an uneven heating of the earth, which in turn causes the seasons. 

Enduring Understandings: 
1. From the earth, we only ever see one side of the moon because of the moon’s rotational speed.
2. The moon takes 27 days (648 hours) to rotate once (also same as the orbital period), much slower than the earth (24 hours). 
3. The seasons are caused by the tilt in the earth’s axis.
4. The phases of the moon are caused by the rotation of the moon around the earth. 

Assessment: (see assessment doc)
Given a diagram showing 3 possible positions of the moon at different locations around the sun, pick the position that shows when the moon is “full.”
Materials: 
· laptop computer w/ mouse

· projector and screen

· pre and post assessments

· activity handouts

· lesson plan

· chart paper w/ navigator/driver roles

Pre-requisite student knowledge:
· Basic movement blocks (forward, back, left, right)

· Basic knowledge of the relationships between the earth, sun, and moon and their basic properties (e.g., moon revolves around earth, the earth spins one complete rotation in 24 hours)
· Familiarity with navigating in Spaceland (see how-to guides section on TNG website’s Learn page)

Lesson Plan
	
	Teacher Do
	Teacher Say
	Notes

	Prep
	Set up projector and screen.
	
	

	Welcome
	Direct students where to sit.
	
	

	Pre-assessment
	Pass out paper with the assessment question and pens if needed.

Ask a student to collect assessment paper and the pens.
	Work by yourself. No talking.
	

	Demo model
	1. Click on setup to create the earth and moon agents. Ask Q1 and say #2.

2. Point out the slider for adjusting time to run (in hours). Students will not need to adjust this.
3. Click on run button.

4. Say #3 and ask Q4.

5. Click on the “show shadows” button to remove the agents’ “skin” to see where the light and shadow is on the earth’s surface. (direction of the yellow patch)

6. Ask Q5 (optional).
	1. If the simulation runs for 24 hours, how do you expect the moon and earth to move during this time? (earth will spin in place one complete rotation)

2. One of your tasks will be to program spinning for both the earth and the moon.

3. Before we get to the programming activity, we need to put the sun in this simulation model.

4. In real life, how can you know where the sun is if you are outside but you don’t want to look up in the sky? (see where the shadow is and the sun is in the opposite direction)

5. Optional: According to the model, what season would it be in North America? (summer b/c the light is striking the Northern hemisphere)
	The purpose of this part is to show students how to use the interface of the simulation model and to review prior knowledge.

	Transition to computers
	Assign or let students pick their own partners. Give reminder about navigator/driver roles. Distribute handouts to navigators.
	Activity sheet directions

· Make sure to actually read the directions, not just follow the screenshots

· Save project as ( moon + initials

· Do not write on the color handouts
	

	Students program the location of the sun.
	Remind the students to switch driver and navigator roles after they finish the “program the sun” activity (the prompt is on the activity sheet).
	
	See worksheet for activity directions

When students click setup after they put in the code for creating the sun, they will only see a part of the sun at first because it’s created in the center of Spaceland, and partially hidden by the earth. 

Encourage students to think about how they can use to movement blocks to get the sun to move to where it should be (on the edge of Spaceland in the direction of the yellow patch).

Students can also check that the sun is in the right place by clicking on the “show shadow” and making sure that the sun is located in the direction of the light that is shining on the earth.

	Students program the earth to spin.
	
	
	See worksheet for activity directions

Besides figuring out how many degrees to turn each hour, students must also figure out which direction the earth should spin – left or right. (left 15 degrees)

To help students figure out the correct direction, you can tell them to zoom in on the earth to see North America and then imagine how the sun should move across the sky if they are standing on the earth. The sun moves in the opposite direction of the earth’s spin.

Students can spot-check that their program is correct by noting the image of the earth currently facing them, running the simulation for 24 hours (adjusted using slider) and the earth should be back to its original place (look the same as in the beginning).

	Demo about the moon
	Increase the size of the moon to show the texture.

First show the “front” side of the moon, which is the view we see from Earth. 

Then rotate the camera to show the other side of the moon, and ask students if they have ever seen this side of the moon (no). 
	Why do we only see the same side of the moon from the earth? (because the moon takes the same amount of time to rotate once in place as it takes to revolve once around the earth)

In your last programming activity, you need to program the moon to spin so that it rotates slowly enough to always face the earth with the same face.

Why is the side facing us smoother than the other side? (the earth blocks the moon from meteors; the other side of the moon is exposed to space)


	The cursor must be on the terrain to rotate and pan the camera.

Students will probably not be able to correctly answer the first question. Some might say that if we always see the same side of the moon, the moon must not spin at all! It’s very non-intuitive that the moon *must* spin in order to always show the same face to the earth. To demonstrate, take a spherical or cylindrical object (like a water bottle or can). Mark an X on one side. Make the cylindrical object revolve another object while keeping the X facing the object in the middle. In order to do so, you must rotate the cylindrical object a little as you move it around the middle object.

	Students program the moon to spin
	
	
	See worksheet for directions.

The moon takes approximately 27 days to spin once around, that means that it takes 27days * 24 hours/day = 648 hours to rotate 360 degrees. Which means that every hour it rotates 360 degrees / 648 hours = 0.56 degrees/hour. The moon spins left.
Students can also check that they have gotten the correct answer by using agent eye perspective from the earth to check that the moon’s face always looks the same.

	Demo: Phases of the Moon
	1. Click on setup.

2. Click on the earth and click on “agent eye” to look out from the earth’s perspective (you should see the moon and the sun behind it).

3. Click on Run (time = 24 hours) to run the simulation for one day only. Point out that the moon is in a different part of the sky every 24 hours. 

4. Go to Aerial view and rotate around Earth until you find the Observer agent (looks like Homer Simpson). Click on the Observer agent and then click on “agent eye” and you’ll find yourself looking out of the observer’s “eyes.” You should see the moon.

5. Now when you click on Run to run the simulation for 1 day, your observer will always be looking at the moon. Although this is unrealistic, it is helpful for observing the different phases of the moon.

6. Note the monitor that tells you what day of the moon cycle it is. New moon = day 0. 

7. Click on the “show shadows” button.  Click on Forever and move the speed slider to the right (e.g., 2) and note the change in the “phase” of the moon (light and dark areas) as the moon moves around the Earth.
	
	

	Activity: Draw the Phases of the Moon
	
	
	See Activity sheet for instructions.

	Wrap Up
	
	Why does the moon appear completely dark when it is between the sun and the earth? (the side of the moon that faces the earth is getting the least amount of sunlight in this position)

Why does the moon appear “full” when the earth is between the moon and the sun? (the side of the moon that faces the earth gets the max amount of light at this position)

From new moon position to full moon position, the light is increasing from right to left. From the full moon position to the new moon position, the “dark” moves from right to left until the moon is completely dark.
	


