Universal Gravitation Unit

Lab: Ellipse

Purpose:  Familiarize students with the fundamentals of planetary motion.

Problem: Does gravitational force vary at different points of an elliptical orbit?  If so, how does it vary?

Materials:

Pushpins, piece of plywood/paneling a little bigger than a sheet of paper, sheet of paper, 

30 cm string, pencil, ruler.

Procedure:

1. Place the paper on the paneling.  Then push the pins between 7 and 10 cm apart in the middle of the paper making certain the paper is secured to the paneling.

2. Make a loop with the string and place it over the two pushpins.  Keep the loop tight as you draw the ellipse.

3. Remove the pins and string. The two pinholes are the foci (plural of focus) of your ellipse! Draw a small star centered on one of the foci.

4. Draw the position of a planet in the orbit where it is farthest from the star.  Measure and record the distance from this position to the center of the star.

5. Draw a 1-cm-long force vector from this planet directly toward the star.  Label this vector 1.0 F.

6. Draw the position of a planet when it is nearest the star.  Measure and record the distance from this position to the star’s center.

Analysis:

7. Calculate the amount of force on the planet at the closest distance to your sun.  Recall gravitational force is the inverse square of distance.  You will want to treat these distances as ratios of each other, not measured values.

8. Diagram your results on your ellipse paper using force vectors of correct length and direction at this position and two others in the orbit.  Use the scale 1.0 F : 1.0 cm.

Application:

9. Draw a velocity vector at each planet position to show the direction of motion.  Assume that the planet moves in a clockwise fashion on the ellipse.  Where does the planet move the fastest?

10. Look at the direction of the velocity vectors and the direction of the force vectors at each position of the planet.  Where does the planet gain or lose speed?  Why?

11. Create a second Ellipse over the first by increasing the distance between the pushpins by 2 cm.  Keep pushpins in the same line as the first ellipse.  Use the same string; do not change its length.  Find the force at the points furthest and closest the “Sun.”  Compare these force values with the ones from your first ellipse.  How are force and velocity the planet experiences affected by the radius of the orbit?

