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	CHAPTER 3

Developing Ideas

ACTIVITY 1 HW: More on Magnetic Interactions


Chapter 3

Activity 1: Homework

Name:________________________________   Date:_______________  Group:_______

Purpose

In Activity 1 of Chapter 3 you saw that the idea of a magnetic field of influence is useful in accounting for magnetic interactions, in terms of both force and energy ideas. Also, from the observation that the kinetic energy in a system of two magnets increases as a result of a magnetic interaction between them, you inferred that there must be a decrease in some other form of energy, called magnetic potential energy. In this homework assignment you will investigate how the magnetic potential energy in a system of magnets depends on how far apart they are. 
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	How does the magnetic potential energy in a system of magnets depend on the distance between them?


Initial Ideas

In the previous activity you saw that the closer together two magnets are, the stronger the magnetic force they exert on each other. Do you think there is a similar relationship between distance and magnetic potential energy?
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How do you think the magnetic potential energy in a system of two attracting magnets depends on the distance between them? Do you think the system has more magnetic potential energy when the magnets are close together, far apart, or is the amount of magnetic potential energy the same no matter how far apart the magnets are? Explain your thinking.
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Would your answer be the same for a system of two repelling magnets? Again, explain your thinking?

Collecting and Interpreting Evidence

You will need:
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PET Student Resource CD
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Computer to play CD movie for this assignment

Exploration: Potential energy for attracting magnets

STEP 1: Locate the file C3A1HW_movie1.mpg on your PET Student Resources CD. This movie shows two attracting magnet-carts (with very strong magnets) interacting. One of the carts is fixed in place while the second cart is free to move, and is released at varying distances from the first. Speed-time graphs for the free magnet-cart are also shown, so you can determine the maximum speed the magnet-cart gains just before colliding with the fixed magnet-cart.
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Using data from the movie, complete the table below

Final speed of free magnet cart 
after being released from different distances

	Release distance (cm)
	Final speed (cm/s)

	2 cm
	

	5 cm
	

	10 cm
	

	20 cm
	

	30 cm
	


STEP 2: Now answer the following questions about energy changes in the system of two magnet-carts you saw in the movie
. You can assume the effects of friction were negligible for this system. (When thinking about some of these questions you may wish to replay the movie and consult the data in the table above.)
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In each ‘run’, at what two moments was the kinetic energy in the system at its minimum and maximum values? (Just as the magnet-cart was released, just before the collision, or sometime in between?) How do you know?
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In each ‘run’, at what two moments was the magnetic potential energy in the system at its minimum and maximum values? (Just as the magnet-cart was released, just before the collision, or sometime in between?) Use conservation of energy ideas to explain your answer.
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Complete the I/O energy diagram for this system as the free magnet-cart moved toward the fixed magnet-cart after being released.
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Explain briefly how the energy changes you indicated in this energy diagram are consistent with your responses to the two previous questions?
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Does the kinetic energy in the system increase by a greater amount when the magnet-carts start close together or further apart? Explain how you know.
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Does the magnetic potential energy in the system decrease by a greater amount when the magnet-carts start close together or further apart? Use your response to the previous question and the Law of Conservation of Energy to justify your answer.

In all the ‘runs’ shown in the movie, the system always ends up in the same situation, with the magnet-carts as close together as they can get. This means that, if the amount of magnetic potential energy in the system does depend on how far apart the magnets are, then in all the ‘runs’ the system would have ended up with the same amount of magnetic potential energy. 
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Do you think that the starting amount of magnetic potential energy in the system was the same for all the runs, or was it different? Explain how you know.
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As two attracting magnets get further apart, does the amount of magnetic potential energy in the system increase, decrease, or stay the same? Briefly explain your answer.

Potential energy for repelling magnets

You have seen that if two attracting magnet-carts are held a short distance apart and released, then the magnet-carts move closer together and the kinetic energy in the system increases as they do so. From the observation that the system gains more kinetic energy the further apart the magnets start, you inferred that the amount of magnetic potential energy in such a system increases as the distance between the magnets increases. 

However, when two repelling magnet-carts are held a short distance apart and released we know the system still gains kinetic energy (because the magnet-carts start to move), but this time the magnet-carts move further apart.
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If the kinetic energy in a system of two repelling carts increases, as the magnet-carts get further apart, what must be happening to the magnetic potential energy in this system at the same time? Explain how you know.
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As two repelling magnets get further apart, does the amount of magnetic potential energy in the system increase, decrease, or stay the same? Briefly explain your answer.

Imagine you were to arrange for the two magnet-carts in the video to repel each other, then place the free magnet-cart about 20 cm from the fixed magnet-cart, and give it a gentle shove toward the fixed magnet-cart.
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After your shove, do you think the free magnet-cart would speed up, slow, down, or move at a constant speed? 

[image: image19.jpg]



Explain your reasoning in terms of your ideas about forces.
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Explain your reasoning in terms of your ideas about energy
.
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Complete the I/O energy diagram for this system as the free magnet-cart moved toward the fixed magnet-cart after being given a quick shove.
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Potential Energy in Systems

In a system of two magnets, we now know that the amount of magnetic potential energy depends on how far apart the two magnets are, or more generally how the components of the system are arranged, or configured, with respect to each other. When scientists are dealing with systems that have two or more interacting components they usually think about potential energy in the following way.

Potential energy is energy that a system has due to how its individual components are configured, and it changes when the individual components in the system are rearranged.

In the activities that follow, you will think about different types of potential energy that scientists associate with different types of interactions between components within a system. 

Summarizing Question

S1:
Open the file C3A1HW_movie2.mpg on your PET Student Resources CD. This movie shows a slightly different arrangement of attracting magnet-carts, in that although neither magnet-cart is fixed in place, a large amount of extra mass has been added to one of the carts.

	Watch the movie, which shows that after being given an initial push along the track, the lighter magnet-cart gradually slows down, stops momentarily, and then comes back, speeding up as it does so.
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Now write a scientific explanation, using your ideas about energy in this system of attracting magnet-carts, to explain why the moving magnet-cart slows down, as it gets further away from the stationary magnet-cart. (You should assume the effects of friction are negligible.)

Explanation: Why does the moving magnet-cart slow down as it gets further away from the stationary magnet-cart?

Describe the situation using a diagram: (Draw an I/O energy diagram for the system of the two magnet carts as the moving cart is slowing down.)
Write the narrative: (Use your ideas about energy changes in a system of interacting magnets to explain how getting further apart affects the magnetic potential energy in this system and what effect this has on the kinetic energy. Remember to connect you ideas to the phenomenon to be explained)
� We assume the magnetic fields of the magnets are implicitly included in this system also.


� You may be wondering how it is possible that for both attracting and repelling magnets as they get further apart the magnetic force gets weaker in both cases, but yet the magnetic potential energy in the system increases if they are attracting, but decreases if they repelling. This is related to the difference in the direction of the magnetic force in the two cases, and how the magnetic force strength changes as the magnets move under the influence of that force. 





When two attracting magnets are released a certain distance apart, as they move closer together the magnetic force acting on them gets stronger and stronger, and so the kinetic energy in the system increases at a faster and faster rate. The further apart the two magnets start, the more chance there is to increase the kinetic energy. However, if two repelling magnets are released the same distance apart, then as they move even further apart the magnetic force acting on them gets weaker and weaker, and so the kinetic energy in the system increases at a slower and slower rate. The further apart they start the less chance there is to increase the kinetic energy. (In the real world friction will eventually become stronger than the weakening magnetic force and they would actually slow down!)
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