SL-TNG Simulation Activity: Motion and Energy 

Activity time: 1.5 - 2 hours of class time

Massachusetts Science Framework: 

· SC-8.PS.11 Motion of Objects – Explain and give examples of how the motion of an object can be described by its position, direction of motion, and speed. 

· SC-8.PS.12 Motion of Objects – Graph and interpret distance vs. time graphs for constant speed. 
· SC-8.PS.13 Forms of Energy – Differentiate between potential and kinetic energy. Identify situations where kinetic energy is transformed into potential energy and vice versa. 
Enduring Understandings: 

1. Energy is conserved because there is no external force (like friction) in the system. Thus, all of potential energy is converted into movement (kinetic) energy and vice versa.
2. The steepness of a line in a position vs. time graph shows the speed of the graph – the steeper the line, the higher the speed.
3. The average speed can be calculated by taking the total distance traveled divided by time to get distance traveled per time unit. 

Assessment: 

A child is swinging on a rope.   She starts high off the ground and swings, reaching close to the ground in the middle of her swing.  When she is closest to the ground in the middle of her swing, which of the following describes her energy?

	 
	A.
	She has no energy.

	 
	B.
	She has maximum kinetic energy.

	 
	C.
	She has maximum gravitational potential energy.


Explain the reason for your choice.
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The graph below illustrates the position
and time for a dog that runs to catch a
stick and then returns with it.
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The dog caught the stick after 2 s. What
was the dog’s average speed as he returned
with the stick?

  

	 
	A.
	His average return speed was 0.7 m/s.

	 
	B.
	His average return speed was 0.9 m/s.

	 
	C.
	His average return speed was 2 m/s.

	 
	D.
	His average return speed was 4 m/s.


Materials: 

· laptop computer w/ mouse

· LCD projector and screen or whiteboard
· pre and post assessments

· activity handouts

· lesson plan

· chart paper

· markers

· driver/navigator poster

	
	Teacher Do
	Teacher Say
	Notes

	Prep
	
	
	Set up projector and screen.

	Welcome
	
	
	

	Pre-assessment
	Ask students to collect assessment paper and the pens.
	Work by yourself. No talking.
	Pass out paper with the assessment question and pens if needed.

	Activate prior knowledge
	Click on “setup (first time)” button

During discussion, draw diagram on the board like shown in notes.
	1. At the top of the starting hill, the car has potential energy (potential to move because of gravity).

2. As it moves down the hill, the potential energy gets converted to kinetic energy in the form of movement.

3. What will happen to the amounts of potential and kinetic energy when the car moves up the second hill?
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	Demo model
	Click on “move the car” button
	1. Watch car roll up and down the hill. 
2. What do you notice about the motion of the car?

3. If potential energy starts at 100 at the start of the simulation, and kinetic (or movement) energy is 0 (label on diagram), what do you think will be the potential and movement energy at the bottom of the hill (label on diagram)? What about halfway up the second hill (label on diagram)?
	Some things that students may observe about the motion of the car:

· The car moves faster going downhill and slows down when going uphill.

· The car moves the fastest when it’s moving on the flat part between two hills.

· The car ends up at the same height as it started right before it reverses.

· There are these diamonds that the car runs through and they change color.

· There is a score at the bottom right hand corner of the window.

	Demo puzzle game
	1. Click on a diamond to show the agent monitor.

2. Cover up the projector and enter the correct answer for one of the goals.

3. Then uncover the projector and click on “move the car” to show the score added.
	1. You may or may not have noticed the score at the bottom right corner of the Spaceland window. It’s 0 right now. 

2. In order to get some points, you need to input the correct kinetic (movement) and potential energy quantities into the agent monitor. When the car hits a car, what should its potential and kinetic energy be at the moment of collision?

3. After you input your guesses, then you can click the “try again” button and then the “move the car” button to see if your guesses were right or not. 

4. If they’re right, then you get some points added to your score. 

5. Remember what I said earlier – the potential energy is 100 at the starting point.
	· The score is increased for each goal that contains correct guesses for both the potential and kinetic energy values. 

· The amount of points for correct guesses depends on the color of the goal when the car collides with the goal.

· The colors are always changing so there’s a certain amount of randomness associated with the score.

· The colors of the goals stay the same after the first collision.

	Transition to computers
	
	1. Remember, if you are driving, you need to listen to your navigator.

2. If you’re the navigator, feel free to point at the screen to show your driver where to go and what to click on.
	Let students pick their own partners. Reminder about navigator/driver roles. Distribute handouts to navigators.

	Solve puzzle game
	
	Anytime you see a pen symbol in the instructions, you are to write the answer on the other worksheet that has the same pen symbol on the top.
	see worksheet – puzzle game

· 1st goal for students: should get the goal correct at the bottom (reminder: board diagram)

· 2nd goal for students – should make reasonable guesses

· 3rd goal for students – should figure out how to make exactly correct guesses

Clues to give to students:

· Kinetic + potential = 100

· There’s another value in the agent monitor that will help you get the answer to one of the energy values

	Debrief puzzle game
	
	1. How did you solve the puzzle?

2. What did we learn about potential and kinetic energy from this activity?

3. How close is this to real life? What’s missing from this model? (friction)
	Possible answers:

· Potential energy is the same as the height of the goal diamond. 

· The higher the location of the goal, the more potential energy the car as at that point, and vice versa.

· You can find the movement energy by subtracting the potential energy (or height) from 100.

· Potential and movement energy always adds up to 100.

	Graphs activity
	1. Double-click on the graphs to open them in separate windows.

2. Switch off auto-scaling for the position graph (see notes). 

3. Make sure that both graphs are visible when you run the simulation so the car goes to the end and back to the start. 

4. Stop the simulation and discuss the graphs.
	1. Look at graphs of the potential vs. movement energy vs. speed. Note that whenever potential goes up, movement goes down. Speed follows the same curve as movement energy.
2. Also, the potential energy line traces the terrain.
3. Look at position vs time graph. This graph shows the position of the car as time passes. How long does it take for the car to go from the one side of spaceland to the other side? What does it mean about the speed of the car at this steep part of the graph? Where is the car at this point?

4. You are going to run the simulation so that the car goes to the end and comes back and stop it when it comes back.

5. Then you are going to answer the questions on your activity sheet.


	How to turn off auto-scaling:

Right click on graph and choose Properties
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1. Click on the Plot tab.

2. Click on the Range Axis tab.

3. Click on the Range tab.

4. Uncheck the Auto-adjust range box.

5. Set the minimum range value to -45.

6. Set the maximum range value to 45.
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Students may need a mini-lesson on how to calculate speed using the formula average speed = distance traveled / time to travel above distance

	Graphs activity debrief
	Go over one of the questions on calculating average speed.
	
	

	Switch driver/navigator roles
	
	
	

	Terrain redesign activity
	Show students how to create new levels, save them, load them, and edit terrain.

Pass out the tutorials as reference for students.
	Several challenges to try:

1. Try more hills, or vary the heights of the hills - how do you predict this will change the motion of the car? What will change? What will stay the same?
2. How can you manipulate the terrain to make the distance vs time graph to look like…(insert a distance vs. time graph here)
a. How can you tell from the graph how many hills to create?
3. Maximize your score.

To do all these things, you need to know how to edit the terrain and create new levels.

	

	Wrap Up
	On chart paper?
	
	Review key points:

· Potential and kinetic energies have an inverse relationship.

· Potential + kinetic = constant

· Average speed = distance traveled / time to travel above distance

· In a position vs. time graph, steeper slope means higher speed. 


