Lesson plan for Exploring Gravitation: Introduction to Newton’s Law of Universal Gravitation and Kepler’s Laws of Planetary Orbits
Approximately 30-50 minutes


Learning Goals: Students will be able to 

· Explain that gravity is a mutual force of attraction between bodies.
· Describe the basic tenets of Kepler’s 1st and 2nd laws.
· Elliptical orbit and speed of planet is faster near the sun.
Background: The students will have studied Newton’s laws and circular motion but have not yet been exposed to Universal Gravitation. This is meant to be a qualitative exploration. I find that students—even after having had Newton’s 3rd Law—have difficulty with recognizing that gravitation is a mutual force. (For example, the Moon pulls on the Earth just as hard as the Earth pulls on the Moon.) The simulation provides a visual example of this—one that is often a challenge to the students’ misconceptions.
Students can see that orbits are not circles and that planets move faster when near the sun (or other central object). These observations lay qualitative groundwork for studying Kepler’s Laws of Planetary Orbits.

Lesson: I did not demonstrate the simulation or provide any direction other than explaining that students were to respond to the prompts on their own paper and hand in what they finished at the end of the time allotted.
On the day of the activity, the students received the activity handout and they went directly to work in groups of 2-3. We have 40-minute periods; some students finished in 30 minutes while others worked the whole period. It was difficult to get them to stop!
NOTES: The simulation is very rich. This activity barely scratches the surface. Students could benefit from just completing the first 2-3 items in the activity or could go much deeper by changing even more of the variables. My students answered some questions, but also, came up with many more. Everyone—even the teacher—seems to enjoy working with this simulation. 
I have 9 computers available in my lab. I think it is important to keep the group size at 3 or less. If you do not have enough computers, consider dividing the class or assigning as a do at home activity.

In each of three classes, when I asked the next day what they thought was the most important lesson learned, students were able to verbalize the idea that gravity works two ways. Great!
I did this with my 11-12 grade honors physics classes. It would be equally useful for regular physics or conceptual physics classes.
If you are used using the 5-E learning cycle, this simulation could be used in any phase of the lesson.
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