Physics 20: Module 5: Lesson 3
1
Assignment

	
	Module 5: Lesson 3 ASSIGNMENT

This Module 5: Lesson 3 Assignment is worth 20 marks. The value of each assignment and each question is stated in the left margin.


	(20 marks)
	Lesson 3 Assignment: Kepler's Three Laws of Planetary Motion


	(2 marks)
	TR 1.
	Use the simulation to investigate Kepler's first law.

· Click the “Reset” button ([image: image1.jpg]


).

· Using the eccentricity slider, set the eccentricity (e) to 0.400.

· Using the semi-major axis slider (mean distance between the planet and the Sun), set (a) to 2.0 AU. 

· Click the “Play” button ([image: image2.jpg]


), and observe the planet (green) orbiting the Sun (yellow). 

Draw the shape of the orbit and the location of the Sun relative to the orbit.



Answer:

	


	
	TR 2.
	Answer the following using the definitions above and the given values of r1 and r2 for the ellipse shown.
[image: image3.jpg]



r1 = 1.396 × 1011 m

r2 = 2.432 × 1011 m


	(1 mark)
	
	a. The longest mean orbital diameter (major axis) of the planet’s orbit is 

____________ m.


	(1 mark)
	
	b. The mean orbital diameter expressed in astronomical units is 

____________ AU.


	
	TR 3.
	Use the simulation to investigate Kepler's second law.

· Click the “Rewind” button ([image: image4.jpg]


).

· Click the “Data” button ([image: image5.jpg]


). Move the ellipse to the right so you can see it all by clicking in the ellipse and dragging it to the right.

· Click the “Sweep” button ([image: image6.jpg]


). This will display sectors of equal area.

· Click the “Play” button ([image: image7.jpg]


). “Pause” the planet ([image: image8.jpg]


), and use the “Step forward” button ([image: image9.jpg]


) to position the planet according to the following diagrams.


	(1 mark)
	
	a. Record the time display below each figure.


[image: image10.jpg]


    [image: image11.jpg]



t1 = __________









t2 = __________

	(1 mark)
	
	b. Calculate the time interval for the planet to travel the sector (t2 − t1).

[image: image12.png]






	(4 marks)
	TR 4.
	Using the same method as in TR 3, measure the times required for the planet to traverse at least three of these sectors of equal area. Compare the time values. What do you observe?



Answer:

	


	
	TR 5.
	Use the simulation to investigate Kepler's third law.

· Click the “Rewind” button ([image: image13.jpg]


).

· Click the “Sweep” button ([image: image14.jpg]


). This will hide the sectors of equal area.

· Click the “Play” button ([image: image15.jpg]


).


	(1 mark)
	
	b. Record the length of the semi-major axis (the mean or average distance between the planet and the Sun or mean orbital radius) from the slider at the bottom of the window. The conventional representation for orbital radius is r.
r = ____________ AU


	(1 mark)
	
	c. Measure the period of the planet (the time to complete one revolution). You may want to click “Replay” ([image: image16.jpg]


) in order to set the time to zero before making any measurements.

trial 1: Period: ___________ Year


	(1 mark)
	
	d. Modify the eccentricity by adjusting the eccentricity slider. (Note: Do not adjust the semi-major axis.) Again, measure the period of the planet (time for one complete revolution).

trial 2: Period: ___________ Year


	(1 mark)
	
	e. Did changing the orbital eccentricity change the period of the orbit?



Answer:

	


	(2 marks)
	TR 6.
	Calculate Kepler's constant for the solar system using the recorded value for the semi-major axis length and the period from trial 1 or trial 2 in TR 5. (They should be the same.)

K = 


	(2 marks)
	TR 7.
	Verify Kepler's constant by changing the length of the semi-major axis to 1.8 AU and recording the orbital period by clicking “Play” on the simulation and watching it for a complete orbit. Use the “Pause” and “Step” buttons near the end of the full orbit to get the time accurately. Calculate the constant of proportionality again. Circle the units of the proportionality constant.

r = _____________ AU

T = _____________ Year

K = _____________

Comment: In the units of AU and Year, the proportionality constant is numerically equal to 1. Notice that if T is in Years and r in AU, then the equation is as simple as T2 = r3.



Answer:

	


	(2 marks)
	TR 8.
	The orbital radius (semi-major axis) of the orbit of Ceres, an asteroid circling the Sun between Mars and Jupiter, is 2.77 AU. Using Kepler's constant for the solar system, calculate the orbital period of Ceres in years.



Answer:

	


	Once you have completed all of the questions, submit your work to your teacher.



