Gravitation and Orbital Motion [image: image1.wmf]

Gravity & Orbital Motion

Orbital Simulator

The orbital simulator we will be running is one of many simulations available on the PhET project out of the University of Colorado.  The web site is http://phet.colorado.edu.  These simulations can be run online or can be downloaded and opened in a browser that is running offline.  The simulation we are using is called My Solar System.
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Basic Observations & Tools

The simulation opens with two bodies:  one yellow, one purple.

1.  What body in our solar system might the yellow body represent?  The purple body?  

2.  What are the basic differences between the two bodies according to the initial settings?

Click the “Show Grid” option.

Click and hold on the purple body.  Move the purple body around to various locations on the grid.

3.  What happens to the values in the x and y position boxes in the settings table?

4.  Explain what the x and y position values indicate.

Click and hold the circled “V” at the end of the red arrow on the purple body.  Change the length and direction of the arrow by moving the cursor around a bit.

5.  What happens to the values in the x and y velocity settings boxes?

6.  Explain in your own words what the x and y velocity values indicate.  Be specific.

Gravity & Motion

We’ll begin by investigating the influence of gravity when objects begin at rest.

In the initial settings table, enter “0” for the x and y velocity of each object.  You can click on the box and enter specific values using the keyboard.

Click Start.  

7.  Describe what happens.

8.  The two circles below represent the two bodies in the simulation.  Draw arrows (vectors) attached to their centers to represent the force of gravity experienced by each.  The length of the arrows should reflect the relative magnitudes of the gravitational forces.


9.  Explain your force diagram in words.

10.  Do both bodies move in response the gravitational force they experience?  What in the simulation represents HOW FAR each of the bodies moves?

11.  Compare the motion of the two bodies after the Start button is clicked.

Yellow Body:

Purple Body:

12.  Explain any differences in the motion of the two bodies after the Start button is clicked.  Be as complete as possible.

Place the “planet” in various locations around the “sun”. 

13.  How does the simulation support our model of gravity as an INWARD—not downward—force?

Stretch the velocity arrow for the purple body so that it points directly AWAY from the yellow body.  At this point, don’t make the arrow too long (about 80-100 should be fine).  You may need to enter the value into the settings table.

Click Start.  

14.  Describe the motion of the purple body.

15.  How would you explain the motion of the purple body in this case?  Be specific.

16.  Predict  In which direction should Body 2 move in order to avoid colliding with Body 1?

Exploring Orbital Motion

Enter the settings shown below.  Before clicking Start, predict the motion of the purple body.

	
	Mass


	Position
	Velocity

	
	
	x
	y
	x
	y

	Body 1 (Yellow)
	200
	0
	0
	0
	0

	Body 2 (Purple)
	10
	100
	0
	0
	50


17.  My predictions:

Based on the settings entered, I think Body 2 (purple) will…

Based on the settings entered, I think Body 1 (yellow) will…

Click Start.

18.  Were your predictions correct?  Describe the motion of the two bodies:

Yellow Body:

Purple Body:

19.  Predict:  What change should take place with the velocity of Body 2 to allow it to orbit around Body 1?

Enter the settings in the table below.

	
	Mass


	Position
	Velocity

	
	
	x
	y
	x
	y

	Body 1 (Yellow)
	200
	0
	0
	0
	0

	Body 2 (Purple)
	10
	100
	0
	0
	80


20.  Based on these settings, how will the motion of Body 2 be different than it was in the previous trial?

21.  Describe and sketch the motion of Body 2.

22.  Where does Body 2 appear to move the slowest?  The fastest?

23.  Describe the motion of Body 1 (yellow) as Body 2 orbits.

24.  Predict:  What changes in the velocity of Body 2 would allow it to follow a more circular orbital path?

Steadily make the changes you’ve predicted in the velocity until the orbital path of Body 2 is as close to a circle as possible.  For now, don’t change the masses or positions of the bodies.

25.  When you have a circular orbit, fill in the velocity settings in the table below.

	
	Mass


	Position
	Velocity

	
	
	x
	y
	x
	y

	Body 1 (Yellow)
	200
	0
	0
	
	


	Body 2 (Purple)
	10
	100
	0
	
	


26.  What appears to be true of the velocity of Body 2 as it orbits?

Next, enter 200 for the x position of Body 2.

27.  Predict:  What adjustments in velocity will you need to make in order to maintain a circular orbit?  Explain your reasoning.

28.  Test your prediction and describe the results.

Next, place Body 2 in any location around Body 1 other than those used in previous activities.  From that location, make adjustments to the velocity of Body 2 until a circular orbit results.  Repeat this challenge if you have time.

29.  In general, how does the velocity of an object in a circular orbit vary with its distance from the central body (“sun”)?

Randomly set the velocity of Body 2.  Try to find a location where the given velocity will result in a circular orbit.

Summary Concept

Describe as specifically as possible the circumstances under which an object will follow a circular path around another in space.  Include a simple drawing to accompany your explanation.

