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	CHAPTER 1

Developing Ideas

ACTIVITY 4: Slowing and Stopping


Chapter 1

Activity 4: Slowing and Stopping


Purpose

	When examining contact interactions in the previous activities you saw that the speed (and perhaps direction) of at least one of the objects involved changed significantly during the interactions. For example, to make a hockey puck slow down and stop quickly, a player could let it hit his stick so that its kinetic energy decreases during the interaction between the two. If it didn’t hit the stick, or anything else, do you think that the puck would ever stop?
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In the world around us, nearly all moving objects, if left alone, seem to eventually slow down and stop. Do you think this is due to an interaction or is it just their natural tendency?
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	Why do moving objects tend to slow down and stop? Where does the energy go?


Initial Ideas

A popular summer game for young children is to run and launch themselves onto a long sheet of plastic, covered with water. They slide along the sheet without stopping, or even seeming to slow down, until they reach the end of the sheet.
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Why do you think this is?  Would the game be as much fun if there were no water on the plastic sheet? Briefly explain your thinking.
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If the plastic sheet were made much, much longer, do you think a ‘slider’ could still reach the end without seeming to slow down? Again, explain your thinking.
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Participate in a brief class discussion to share your ideas. 

Collecting and Interpreting Evidence

Experiment #1: What happens when objects rub together?

You will need:

	[image: image6.wmf] Small block of wood

[image: image7.wmf] Pencil, with a rubber eraser on the end
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STEP 1: Rub the palms of your hands together vigorously for about 10 seconds, then quickly hold them against your cheeks. 
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What do you notice about how warm your hands feel?
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Does it matter whether both hands are moving while you rub them together, or only one? (Check if you are not sure.)

STEP 2: Now touch the pencil eraser to your lip and note how cold (or warm) it feels. Rub the eraser vigorously on the palm of your hand for about 10 seconds. Then quickly touch the eraser to your lip again.
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Does the eraser feel cooler, or warmer than it did before, or does it feel the same? What about the part of your hand you were rubbing the eraser on?
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When two objects rub together what seems to happen to both of them?

STEP 3: Place the wood block on the table and give it a quick push.
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Why do you think the block slows down and stops after the push?
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What evidence supports the idea that after your initial push the block was involved in some sort of contact interaction while it was sliding across the table? What other object do you think the block was interacting with?
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You have seen that the block lost kinetic energy as it moved across the table. Do you think any objects gained energy in this process? If so, what objects were they and what type of energy do you think they gained?

Contact Interactions involving Friction and Thermal Energy

You are no doubt familiar with the idea of friction and its effects in slowing down and stopping moving objects. In fact, whenever two objects (or surfaces) rub together they interact with each other in friction-type contact interaction.

Such interactions occur everywhere in the world around us. Sometimes they are useful, such as when you use your brakes to stop your car. At other times we try to minimize their effects, such as when you put oil in your car’s engine to prevent excessive wear on the moving parts that rub together.

[image: image17.wmf]
As you have now also observed, when two objects rub together they both warm up – that is, their temperature increases. As you might expect, we can associate this warming-up with an increase in a form of energy we will call simply thermal energy.

When the temperature of an object increases, its thermal energy increases.

When the temperature of an object decreases, its thermal energy decreases.

Note that the increases in temperature in a friction-type contact interaction are sometimes very small and difficult to detect without special equipment (as with the block sliding across the table).
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Using this information, complete the following S/R energy diagram for the friction-type contact interaction that made the wood block slow down as it slid across the table after the initial push. 
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Notice that in this case, while there is a decrease in the kinetic energy of the block, there is also an increase in its thermal energy. You may be wondering how it is possible for both these changes to take place and the object still be an energy source in the interaction. However, this is possible, if the kinetic energy and thermal energy change by different amounts.
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In order for the block to be the energy source in this friction-type contact interaction, which would have to be larger, the amount by which its kinetic energy decreases, or the amount by which its thermal energy increases? Explain your reasoning.

Experiment #2: What if there were no friction?

You will need:

[image: image21.wmf] Cart with friction pad attachment

[image: image22.wmf] Track

[image: image23.wmf] Access to a Motion Sensor connected to a computer

[image: image24.wmf] Colored pencils

[image: image25.wmf] Copy of How to use the PET Simulators (an Appendix to this book)
[image: image26.wmf] Access to the I&M computer simulator

	STEP 1: Examine the cart and note the friction attachment that, when lowered, allows a felt pad to touch whatever surface the cart is placed on. Place the cart on the track and lower the pad so that it is firmly in contact with the track. (However, do not lower the pad so much that the wheels of the cart are no longer touching the track.)

Do not go on until your instructor will demonstrate how to use the friction pad.  


	[image: image27.jpg]Upside down Low-friction cart

Friction Pad







STEP 2: Open the Motion Sensor data collection file for this experiment. Place the cart about 20 - 30 cm in front of the Motion Sensor and give it a quick shove away from the sensor. Record Motion Sensor data while you do this.
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Sketch the speed-time graph of the cart below. 
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Describe the motion of the cart after the initial shove. Is an interaction responsible for this behavior? If so, what type of interaction do you think it is, and what two objects are interacting?

STEP 3: Now raise the friction pad slightly, so that it only rubs very lightly on the track, and repeat the experiment.
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Using a different color pencil sketch the speed-time graph on the same axes above. (Label the two lines ‘FIRM PAD’ and ‘LIGHT PAD’.)
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Does the cart still slow down after the initial push? What interaction do you think is responsible for this behavior?
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Does the cart slow down as quickly as it did before? Why do you think this is?

STEP 4: Finally, raise the friction pad completely, so that it does not rub on the track at all, and repeat the experiment.
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Using a different color pencil sketch the speed-time graph on the same axes above. (Label this line ‘NO PAD’.)
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What is the motion of the cart like now, after the initial push? Does it still slow down (however slightly) or does it move in a different way?
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Why do you think the cart behaved in this way, even though the pad is not rubbing on the track? 

Suppose you could remove the effects of friction completely, and then repeat the experiment.
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What do you think the cart’s motion would be like now, after the initial shove? Explain your reasoning.

STEP 5: Simulator Exploration. You can check your idea using a special computer program, called the I&M Simulator. See How to use the PET Simulators for instructions on how to access this program.

A Note on Simulators

You will use several different simulators throughout the PET course. These simulators are special computer programs that have been written to give a visual representation of scientists’ models of how the world works. When you run these simulators the behavior of objects in them is determined by the ideas and mathematical equations developed by scientists. These ideas and equations were developed in the same way as you are developing your ideas; that is, after collecting and interpreting evidence from real-world experiments. 

Thus, simulations are scientists' models that represent real world phenomena. They are not the same thing as the phenomena themselves.  When you work with the simulations in PET, you are not performing an "experiment" as you would with real apparatus.  Instead, you are exploring and testing your ideas in comparison with a model developed by scientists.
	When you open the set-up file for this simulator exploration you will see a picture of a cart on a track. Also shown is a speed-time graph for the cart.
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When you run the simulation, the cart is given a very quick initial push and then moves along the track. The speed-time graph of the cart (after the initial push) is plotted automatically for you and the simulation stops on its own after 10 seconds. While the simulation is running a red ‘speed-arrow’ appears above the cart. 

In addition, the influence of friction on the motion of the cart can be controlled. Currently the surface of the track is set to be ‘Rough’.

[image: image39.jpg]



Run the simulation and watch the behavior of the speed-arrow. How does this arrow change to represent the slowing down of the cart?
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Sketch the speed-time graph below. Label the line ‘Rough’. (Note that the speed-time graph shows only the motion after the initial push and does not show the quick speeding up during the push.)

[image: image41.wmf]
	STEP 6: To change the influence of friction, first rewind the simulator, and then click on the selection tool. Next, double click on the picture of the cart, to bring up its ‘properties’ box.

In the properties box change the surface from ‘Rough’ to ‘Smooth’, then click on the ‘OK’ button.
	Rewind
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	Selection Tool [image: image43.png]
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Now run the simulation again and, using a different color pencil, sketch the speed-time graph above. Label this line ‘Smooth’.

Finally, rewind the simulator, set the surface to ‘No friction’ and re-run the simulation. 

[image: image46.jpg]



Again, sketch the speed-time graph above and label it ‘No friction’.
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With the influence of friction completely removed, how is the motion of the cart in the simulator model different now, after the initial push? How does this compare with your prediction at the end of STEP 4 above?

[image: image48.jpg]



Why do you think the speed of the cart does not change now?

Summarizing Questions

[image: image49.wmf]
Discuss these questions with your team and note your ideas. Leave space to add any different ideas that may emerge when the whole class discusses their thinking.

S1: 
In everyday situations moving objects tend to slow and stop eventually. Do you think this behavior is due to an interaction, or does it just happen naturally? Does their kinetic energy just disappear, or does something else happen to it?

S2: 
What are some similarities and differences between friction-type contact interactions and the other types of contact interaction you examined in previous activities?

S3: 
Complete the S/R energy diagram below for the interaction in which the cart (with friction pad lowered and rubbing on the track) slows down gradually as it moves along the track. (Consider the pad to part of the cart.)
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S4: 
In Experiment #2 of this activity you investigated what the motion of a cart would be like with no friction. Why do you think you used the simulator model in the final stages of this experiment, rather than the real cart and track?

S5:
In the last three activities you have seen examples of three different types of contact interactions. While watching a moving object, what evidence would you look for to tell you that it is currently involved in a contact interaction of any type?

S6: 
When an object is involved in a contact interaction does the interaction seem to last over a period of time (however long or short) or does it only happen at a single instant in time? Support your answer with evidence from the activities in this chapter.

S7: 
Suppose it were possible for you to start an object moving by giving it a quick push, and then arrange for it to be free of the influence of any contact interactions. After the initial push, do you think it would speed up, slow down, or keep moving at a constant speed? Explain your reasoning.

S8: 
Two students were discussing their ideas about how the speeds of objects change when they are involved in a contact interaction.

[image: image56.jpg]
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Luisa
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Do you agree with Daryl or Luisa, or neither? What evidence supports your thinking?

Explaining ‘rug burn’

In the Initial Ideas section of this activity you considered a game in which children launch themselves onto a water covered plastic sheet. As you probably discussed, this game would not be such fun if there were not water on the sheet. In fact the child would slow and stop very quickly and probably also suffer what is sometimes known as a ‘rug burn’ on the places where their skin rubbed directly on the plastic. Fill in the blanks in the S/R energy diagram and narrative below to complete the scientific explanation for why the ‘rug burn’ occurs as the child slides quickly to a stop on the dry plastic.

Explanation:
Why does a ‘rug burn’ occur when a child slides on a dry plastic sheet?

Describe the situation using a diagram:  
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Write the narrative:

While the child is sliding across the plastic sheet there is a _________ - type ___________ interaction between them. During this interaction, the ____________ energy of the child decreases while the ____________ energy of the area of their skin that is rubbing on the plastic increases. (At the same time mechanical energy is transferred to the plastic sheet, which also causes its __________ energy to increase.) This increase in the __________ energy of the child’s skin means that the ___________ of this area increases and so causes it to burn.

[image: image55.wmf]
Participate in a class discussion about the summarizing questions and the explanation above.

I agree that the speed changes because of the interaction between the objects, but I think the interaction only starts the speed changing, and the change continues after contact is lost. I think that after the cart lost contact with the rubber band it continued to speed up, at least for a short period of time.





I think the speed of an object only changes while the interaction is actually happening. As soon as contact with the other object in the interaction is lost, the speed stops changing. When we launched the cart with a rubber band, as soon as contact was lost between them the cart stopped speeding up.
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