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	Module 5: Lesson 4 ASSIGNMENT

This Module 5: Lesson 4 Assignment is worth 18 marks. The value of each assignment and each question is stated in the left margin.


	(18 marks)
	Lesson 4 Assignment: Planetary and Satellite Motion


	
	LAB 1.
	Complete the following steps:

· Reset the simulation. 


· Select the “Trace” ([image: image1.jpg]


), “Data” ([image: image2.jpg]


) and “Grid” ([image: image3.jpg]


) buttons. 


· Zoom out by setting the “Scale” to 100 px = 100 000 km so you can see Earth in its entirety. 


· Use the “Display Vectors Selection Panel” button ([image: image4.jpg]


) to select the acceleration and weight (gravitational force) vectors, and then click off the “Display Vectors Selection Panel.” 


· Play the motion. Observe the weight vector during the motion, as well as the weight value displayed in the data box. Press “Pause” at various points, if necessary, to look at the data.


	(1 mark)
	
	a. Does either the weight vector or the weight value change? 



Answer:

	


	(1 mark)
	
	b. Describe what happens to the direction of the weight vector as the satellite orbits Earth.



Answer:

	


	(1 mark)
	
	c. Describe what happens to the magnitude of the weight vector as the satellite orbits Earth. If it changes, how can this be explained using Newton’s equations for weight?



Answer:

	


	(2 marks)
	LAB 2.
	Is the satellite ever "weightless" in any orbit? Experiment with different orbits in different scale settings, and move the satellite as far away as possible. Explain your observations in terms of the equations that describe weight.



Answer:

	


	(3 marks)
	LAB 3.
	Complete the following steps:

· Reset the simulation. 

· Use the “Display Vectors Selection Panel” button ([image: image5.jpg]


) to select the magenta velocity vector and the green force of gravity vector, and then click off the “Display Vectors Selection Panel.”

· Display the data box in order to observe the satellite's weight. While the satellite is stationary, vary the satellite's initial velocity by dragging the tip of the velocity vector. 

Do you see any changes in the force of gravity, the acceleration due to gravity acting on the satellite, or the value of the weight shown in the data box? Explain your observations in terms of Newton's universal law of gravitation. (Specifically, does the force of gravity depend on the velocities of the interacting objects?)



Answer:

	


	(2 marks)
	LAB 4.
	Find out if a projectile can become a satellite, given an appropriate initial velocity and position. 

· Switch the “Scale” setting to 100 pix = 5000 km. 

· Bring the satellite down to the surface by setting the x and y positions to 0 km, respectively; then drag the satellite up slightly.

· Turn on the velocity vector, and set it to 3 500 m/s in a horizontal direction (θ = 0°).

· Press "Play," and observe how far around the planet the satellite makes it before crashing into the surface.

· Try a variety of velocities until you are able to have the satellite orbit the planet successfully within the field of view.

Based on your observations, fill in the blanks with these terms: large, small, parallel, perpendicular.

A projectile will become a satellite in a nearly circular orbit when the magnitude of the velocity is ____________ and it is directed ___________ to Earth’s surface.



Answer:

	


	(1 mark)
	LAB 5.
	Using a trial-and-error method, try to find the exact horizontal speed that a satellite would need to have at an altitude of 1000 km to make a circular orbit.

circular orbit speed = _________________


	(3 marks)
	LAB 6.
	Use the equation derived above to calculate the exact value of the initial speed that will produce a circular orbit of the satellite at an altitude of 1000 km above Earth. Verify your answer using the simulation, and compare it to your answer in LAB 5.



Answer:

	


	(4 marks)
	Discuss

In 1995, the first planet outside of our solar system was discovered and named “51 Pegasi b” after the star it orbits. Planets like this are called extrasolar because they are outside Earth’s solar system. Compared to the bright stars they orbit, extrasolar planets are very difficult to directly observe, given the astronomical distance they are from Earth. One of the most common and successful ways to find a planet is to observe the star it orbits.
Using the article titled “Then, Now, and Future: Extrasolar Planets” on page 283 of your textbook as a reference, propose an indirect method for finding extrasolar planets using the principles of circular motion and Newton’s universal law of gravitation. If such planets were discovered with this method, explain why it would be unlikely that life would exist on them.



Answer:

	


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



