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	CHAPTER 3
Developing Ideas

ACTIVITY 3 HW: Gravitational Potential Energy


Chapter 3

Activity 3: Homework

Name:________________________________   Date:_______________  Group:_______

In the previous activity you learned about gravitational interactions and the role of gravitational potential energy in a system composed of the Earth and a falling object. In this homework you will think about the role of gravitational potential energy in the motion of a ball projected up a smooth ramp (which, as usual, means the effects of friction can be regarded as negligible).

Simulator Exploration: Block projected up a ramp

STEP 1: Open Chapter 3 Activity 3 Homework Setup. The simulator window should look as shown below.
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At the top of the window is a track that has a flat section and a section that slopes up to the right. On the flat section of track is a block, with a thruster attached that will be used to give the block an initial push. At the bottom of the window is a speed-time graph for the block. The track is frictionless, so that the block will move on it in much the same way as a rolling ball.

STEP 2: The black triangle attached to the block is called a thruster.  You can think of it as a hand that can push on the block. Run the simulator and immediately start the initial thruster push by tapping the spacebar on your keyboard. (You do not need to hold the spacebar down; the thruster push will stop on its own.)  The simulator will automatically stop after 20 seconds. (In this simulator, forces are shown as thick black arrows and the speed arrow is a thin red arrow.)
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What happened to the block, as it was moving along the flat surface after the initial push? Did it speed up, slow down, or move at constant speed?  
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What happened to the block while it was moving up the slope? What about down the slope? 
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Consider a system composed of the block + the Earth. What do you think happens to the kinetic energy of this system as the block moves across the flat section of track? What about when it is moving up the sloping track? Explain your reasoning.
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What do you think happens to the gravitational potential energy of this system as the block moves across the flat section of track? What about when it is moving up the sloping track? Explain your reasoning.
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After the initial push, what do you think happens to the total energy (potential + kinetic) of this system?  Are there points where the total energy increases or decreases, or does it remain the same at every point? (Hint: after the initial push, does any energy enter or leave the system?)
	STEP 3: To check your ideas about energy in the system, add an energy bar graph to the setup. To do this, first rewind the simulator, and then use the selection tool to select the block. 
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	Next, click on the Energy graph tool and move the cursor into the simulator window. Place the graph above the track 
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Now run the simulator again, and watch the behavior of the kinetic energy and gravitational potential energy in the system as the block moves for 30 seconds. 
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What happens to the kinetic energy of the block as it moves along the flat section of the track after the push? (Check both when the block is moving to the right and to the left.)  Does this agree with your prediction? 
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What happens to the kinetic energy of the block as it moves up the sloped section of track? Does this agree with your prediction?  What happens to the kinetic energy when it moves down the track?
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What happens to the gravitational potential energy of the system as the block moves up the sloped section of the track? Does this agree with your prediction? What happens to the gravitational potential energy when it moves down the track?

STEP 4: Rewind the simulator and run it again, but this time pause it immediately after the push is over and before the block starts moving up the sloped section of track.
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What type of energy(ies) does the system have at this point (kinetic or gravitational potential or both)? What is the value of the total energy of the system? (The energy bar tool expresses values in kilojoules, or thousands of joules.)

Run the simulator a little more and pause it again while the block is moving up the sloped track, but before it reaches the top. 
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What type of energy(ies) does the system have at this point (kinetic or gravitational potential or both)? What is the value of the total energy of the system?

Run the simulator a little more and pause it again while the block is moving down the sloped track, but before it reaches the flat section. 
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What type of energy(ies) does the system have at this point (kinetic or gravitational potential or both)? What is the value of the total energy of the system?
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During the entire motion of the block, what happens to the value of the total energy of the system?   How does this compare with your previous prediction?

STEP 5: In Activity 1 of this Chapter you watched a movie of a free magnet-cart being given a quick push away from a fixed magnet cart. Eventually it was given a hard enough push so that it achieved ‘escape velocity’ and moved far enough away from the fixed magnet cart to become free of its influence.

In the last step of this exploration you will determine the ‘escape velocity’ for the block. To do this, you should vary the strength of the initial push until you find a value so that the block just makes it to the top of the slope, but does not slide back down. (In reality the block would probably drop to the floor, but the simulator will not show this.)

	To change the strength of the thruster force, use the selection tool to double-click on the black triangle (representing the thruster) to bring up its properties box. You can set the strength of the thruster force (in newtons, N) in the top left corner.
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Experiment with different strengths for the thruster force, until you find the smallest value that will allow the block to ‘escape’ from the sloped track. Remember to rewind the simulator each time, before trying a new value.
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What is the minimum thruster force strength (in newtons) that will allow the block to ‘escape’?
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From the speed-time graph, what is the ‘escape velocity’ (in m/s) of the block? (That is, the minimum speed the block must have, after the initial push, so that it ‘escapes’ from the bowl.)

Escaping the influence of Earth’s gravitational force

When it leaves the sloped track, the block is not really escaping the influence of Earth’s gravitational force, since once it made it over the rim, this gravitational force would cause it to fall to the surface below. However, interplanetary space probes must escape Earth’s gravitational influence and to do this they must be traveling at about 25,000 mph, which is why very powerful rockets are needed.

Summarizing Questions

Answer these questions as part of the homework assignment.  Be prepared to add any different ideas that may emerge during the whole class discussion.

S1:  Consider the earlier part of the simulator exploration when the block obtained a speed less than its ‘escape velocity.’ Below, to the left, draw an input/output energy diagram for the system (earth + block) while it is moving up the track. To the right, draw an input/output energy diagram for the system while it is moving down the track.

Block moving up the track


Block moving down the track

For each case, how does the increase in one type of energy in the system compare in value to the decrease in the other type of energy?  Why do you think this happens?

S2:
Now suppose the effects of friction of the block sliding on the track were not negligible. 

(a) Does the total energy in the block+Earth system stay constant now? If not, why not?

(b) Would the block still have slid to the same height on the sloped track? Use energy ideas to explain your reasoning. 
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