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	CHAPTER 3
Developing Ideas

ACTIVITY 1 HW 1: Model for Magnetism


Chapter 3

Activity 1: Homework 1

Name:________________________________   Date:_______________  Group:_______

In Activity 1 you investigated some characteristics of magnetic interactions. However, why do magnets behave in this way? Is there anything inside a magnet that gives it these properties?  In this homework assignment you will watch a movie of some experiments and consider how the results support or don’t support two possible explanations for why magnets behave the way they do.

Experiment #1: Interactions of rubbed and unrubbed nails

Locate the file C3A2HW_movie.mpg on your PSET Student Resources CD. In a moment you will watch Part I of this movie, which shows some experiments performed with ordinary nails and a magnet. As you watch Part I of the movie, answer the following questions, based on your observations.  (You may find it easier to pause the movie at convenient points, while you record your answers.) Now play Part I of the movie.

	STEP 1: First the ends (tip and head) of an ordinary nail are brought close to the ends of another ordinary nail that is on a float in a small pan of water.
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How do the ends of two ordinary (unrubbed) nails react to each other?  Do they attract, repel, or is there no reaction?
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	STEP 2: Next, an ordinary nail is rubbed from head to tip with the south pole of a magnet.  The ends of the rubbed nail are then brought close to the ends of the floating un-rubbed nail.
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How do the ends of the rubbed nail react with the ends of the unrubbed nail? (Attract, repel, or no reaction.) Does the reaction depend on which ends of the two nails are brought together? Why do you think this is?

	STEP 3: Now a second nail is rubbed with the magnet, in exactly the same way as the first. One rubbed nail is placed on the float and its two ends are tested with both ends of the other rubbed nail.
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How do the ends of the two rubbed nails react to each other? List all the combinations of ends that are tested in the movie, and the reactions you observe.
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In the past, students have suggested that rubbing a nail with a magnet in this way changes the nail so that it behaves like a magnet itself. Do you agree, or disagree, with this suggestion? What evidence supports your thinking?

Explaining What Happens When a Nail is Rubbed with a Magnet

After seeing the results from the previous experiments, two groups of students proposed different ideas for what happens inside the nail when it is rubbed with the magnet.  In each case, students were asked first what kinds of entities they thought were inside the nail, and then what happened to these entities when the nail was rubbed. 

Idea #1, Separation of charges

	‘Un-rubbed’ nail
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	‘Rubbed’ nail 
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This group proposed that there are equally large numbers of N-charged and S-charged entities in the nail. (Many more than are shown in their diagram, above) They think that before the nail is rubbed these N and S charges are mixed up so that the ends of the nail have no overall N or S charge and so do not exhibit any magnetic behavior. 

When the nail is rubbed with the south pole of a magnet they say it attracts all the N-charged entities and pulls them toward the tip end of the nail. At the same time the S-charged entities are repelled so that they are pushed toward the head end of the nail. Thus their idea is that the two ends of a rubbed nail have ends that are oppositely charged (one N, the other S) and so the rubbed nail will behave like magnet with two different poles.

Idea #2, Aligning of tiny magnets

	‘Un-rubbed’ nail
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	‘Rubbed’ nail 
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The second group suggested that there is only one type of entity in the nail, but that these entities are like tiny magnets themselves, each with their own N and S poles. Their idea is that in an un-rubbed nail these tiny magnets are aligned in random directions, so that the ends of the nail have no overall N or S pole. 

When the south pole of the magnet is rubbed along the nail their idea is that this attracts the N-poles of the tiny magnets and rotates them so they all line up in the same direction. The end of the nail toward which all the tiny N-poles point then becomes a strong N-pole, and the end toward which all the tiny S-poles point becomes a strong S-pole, and so the rubbed nail behaves like a magnet itself
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Even though these two ideas are quite different from each other, do you think they are equally good at explaining the evidence that the tips of two ‘rubbed’ nails repel each other, but the tip of one attracts the head of the other? Or, do you think one idea is better than the other? If so, which idea do you think is better, and why?

Scientists often develop models to use in explaining phenomena. A model is an idea or a set of related ideas that may be used to help explain phenomena.  Each of the ideas proposed above can be considered a model for what happens inside a nail.  Each model includes both a picture and a description of what entities are imagined to be inside a nail, and what happens to those entities when the nail is rubbed. For the rest of this activity, we will refer to the two sets of ideas above as the separation of charges model and the aligning of tiny magnets model.

Since both models proposed above are attempts to explain what happens inside nails when they are rubbed with a magnet, how do you know which is a better model?  One way scientists distinguish between competing models is to devise experiments for which the models would give different results. Consider the following situation. Suppose a ‘rubbed’ nail were cut in half. 
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Uncut ‘rubbed’ nail
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‘Rubbed’ Nail Cut in Half


According to the two models, the insides of the two halves of the ‘rubbed’ cut nail would look like the following pictures. 

	Separation of Charges Model
	Aligning of Tiny Magnets Model

	Cut ‘rubbed’ nail 
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These pictures show both models predict that after cutting a rubbed nail, the tip will remain a N-pole and the head will remain a S-pole. However, they differ in what they predict for the two cut ends (labeled ‘Cut end 1’ and Cut end 2’ in the picture.)
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According to the Separation of Charges Model, would you expect ‘Cut end 1’ to be a N-pole, or a S-pole? What about ‘Cut end 2’? Explain your reasoning.
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According to the Aligning of Tiny Magnets Model, would you expect ‘Cut end 1’ to be a N-pole, or a S-pole? What about ‘Cut end 2’? Again, explain your reasoning.
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Use your answers to the previous question to complete the table below. (Remember, we want to use these predictions to distinguish between the two models, so they should be different in some way.)

Table: Model Predictions for the ends of a cut rubbed nail

	End of Cut Nail
	Separation of Charges Model
	Aligning of Tiny Magnets Model

	Tip
	N
	N

	Cut end 1
	
	

	Cut end 2
	
	

	Head
	S
	S


Now suppose the ‘tip’ half of a cut nail was placed on the float.  Then suppose the tip of another uncut, ‘rubbed’ nail, was brought near each end of the cut nail.  What would happen? (Remember, the tip of a rubbed nail is a N pole and the head is a S-pole.)
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Before doing the experiment to see what would happen, we will use each of the two models to make predictions about what we would expect to see.
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According to the Separation of Charges Model, what would you expect to see happen at the ‘Tip’ end and at  ‘Cut end 1’? (Attract, repel, no reaction.) Would the same thing happen at both ends or not? Explain why this is what you would expect.

[image: image24.jpg]?f

@




Would the Aligning of Tiny Magnets Model predict the same results as the Separation of Charges Model? If not, what would it predict? In either case, explain how you arrived at the Aligning of Tiny Magnets Model predictions.
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Complete the third and fourth columns in the table below, with the predictions of the Separation of Charges Model and the Aligning of Tiny Magnets Model for the corresponding test. In each corresponding cell enter A (attract), R (repel), or N (nothing), according to what you think the model would predict.

Table: Testing a Cut ‘Rubbed’ Nail with another ‘Rubbed’ Nail

	End of Whole Rubbed Nail
	End of Cut Nail
	Separation of Charges Model
	Aligning of Tiny Magnets Model
	Observation

	Tip
	Tip
	
	
	

	Tip
	Cut end 1
	
	
	

	Head
	Tip
	
	
	

	Head
	Cut end 1
	
	
	

	Tip
	Cut end 2
	
	
	

	Tip
	Head
	
	
	

	Head
	Cut end 2
	
	
	

	Head
	Head
	
	
	


Experiment #2: Testing a cut ‘rubbed’ nail

	Part II of the movie shows a rubbed nail being cut and then both halves being tested with another rubbed nail. Watch it now.
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Record your observations (A, R or N) of these tests in the last column of the table on the previous page. Which model did better in predicting the results of this experiment?
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Summarizing Question

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

S1:
After seeing the results of the second experiment, which do you think is the better model now? Why do you think so?

The Domain Model of Magnetism

Because the Aligning of Tiny Magnets Model was more successful in its predictions, that is a good scientific reason to prefer it prefer it over the Separation of Charges Model. It is important to note that scientists do not believe that there are really tiny magnets inside magnetic materials. However, they have found it useful to think about there being entities (which they call ‘domains’) inside magnetic materials, and that these entities do behave much like tiny magnets in many ways. Thinking in this way allows us to understand many different aspects of magnetic interactions, some of which you have already considered.

Models like this are very useful in science. They allow us to think about what might be causing certain phenomena to happen, rather than just describing them. For instance, the domain model of magnetism allows us to explain why rubbing a nail with a magnet in a certain way turns the nail into a magnet itself, rather than just stating what happens. Scientists are constantly testing these models, by using them to make predictions about new situations. When these predictions do not agree with the outcomes of experiments designed to test them, then the model must be modified if possible, or even abandoned if not. When a model has been tested successfully under many different circumstances, then we can be confident that it is a good representation of what is really happening, but we should never assume the model is reality itself.

You will encounter several different models in this course and while making use of them you should always bear in mind that they are just that – models.
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