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	CHAPTER 4

Developing Ideas

ACTIVITY 3 HW: Behavior of a Collection of Magnets 


Chapter 4

Activity 3 Homework 

Name:________________________________   Date:_______________  Group: ______

We know that an unmagnetized (unrubbed) nail does not interact with another unmagnetized nail.  We also know that a magnetized (rubbed) nail does interact with another magnetized or unmagnetized nail, even when they don’t touch.  This suggests that a magnetized nail produces a magnetic field in its surrounding region, whereas an unmagnetized nail does not produce a magnetic field in its surrounding region.

In the previous activity you performed an experiment with a test tube containing a large number of individual iron filings and a magnetic compass. Rubbing the magnet across the test tube from one end to the other appeared to “line up” the filings.  In that case, when you brought the test tube near the compass, you found that it behaved like a magnetized (rubbed) nail.  Shaking the test tube seemed to cause the set of filings to lose their alignment.  Then the test tube behaved like an unmagnetized (un-rubbed) nail.   You also used the computer simulator model to observe what happens when a magnet was moved near other magnets that were free to rotate. 

The observations with the test tube and simulator might have suggested the following model for the inside of a nail: that it behaves as if it contains a large number of entities, each of which behaves like a little magnet (with its own North and South Poles).  If we imagine the inside of a nail to contain a large collection of little magnets, can this model explain the behavior of both unmagnetized and magnetized nails?  For example, can this model explain one important difference between a magnetized and unmagnetized nail: that the magnetized nail produces a large magnetic field, whereas the unmagnetized nail produces essentially no magnetic field?

In this homework you will use a computer-based simulator model to examine what might happen when you arrange a collection of magnets in different ways.  The simulator model contains a magnetic field meter that will allow you to measure the strength of the magnetic field produced by a collection of magnets. 

Experiment: How does a collection of magnets behave?  

	STEP 1.  Open up Chapter 4 Activity 3 Homework 1 Setup.  There is a bar magnet in the center of a dashed box.  In the simulator model, the dashed box represents the boundary of a nail.  On the right side of the setup area is a magnetic field meter.  The little circle above the field meter is the sensitive part.  When the simulator is turned on, the meter reading gives the strength of the magnetic field at the position of the small circle.  
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STEP 2.  Turn on the simulator.  Notice the reading on the magnetic field meter. The “T” on the meter stands for Tesla, the unit of magnetic field strength.  The unit is named in honor of Nikola Tesla (1857-1943), the Croatian-born American electrical engineer, who did pioneering work with magnetism and alternating current (AC) electricity.  
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 What is the strength of the magnetic field at the position of the meter? 

	STEP 3. Click the bar magnet tool in the palette and paste a second magnet inside the dashed rectangle. Click the Select tool, then drag the 
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magnets so they lie one above the other as in the picture above. 
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 What is the value of the magnetic field strength at the position of the meter?

STEP 4.  Next, rotate the lower magnet so its poles point in the opposite direction.  To do that, first click the magnet to select it, then place the cursor on the double arrow at the lower right. (See picture below to the left.)  Drag the cursor to the left (see middle picture), then upwards.  End up with the lower magnet pointing exactly in the opposite direction to the top magnet. (See picture below to right).  
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 What is the value of the magnetic field strength at the position of the meter?
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 Does a combination of two magnets oriented in the same direction (North Pole above North Pole) produce a greater or weaker magnetic field strength in the area outside the magnets than a single magnet by itself?  Or is the strength the same?  
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 Does a combination of two magnets oriented in opposite directions (North Pole above South Pole) produce a greater or weaker magnetic field in the area outside the magnets than a single magnet by itself?  Or is the strength the same?  

STEP 5.  Add eight more bar magnets to the setup area (making a total of ten).  All magnets must be placed inside the dashed rectangle and they cannot overlap.  Arrange the magnets (rotating any if necessary) so the collection of ten magnets produces the largest possible value for the magnetic field strength at the position of the meter. 
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 Sketch the arrangements of the ten bar magnets inside the dashed rectangle.  Record the value of the (maximum) magnetic field strength.  
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 Why do you think this works?  That is, why do you think this arrangement of magnets combines to produce a very large magnetic field (at the position of the meter)? 

STEP 6.  Change the orientation of one or more of the ten bar magnets so that when they are all inside the dashed box the magnetic field strength at the meter position is as small as possible (as close to zero as possible).   You may find it convenient to drag a magnet away from the other magnets, rotate it, and then drag it back inside the dashed box.  Do not overlap any of the magnets.
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 Sketch the arrangements of the ten bar magnets inside the dashed rectangle and record the (minimum) magnetic field strength. 
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 Why do you think this works?  That is, why does this arrangement of the collection of magnets produce a very small magnetic field (at the position of the meter)?

Summarizing Questions

At the beginning of this homework we suggested a model that assumed that the inside of the nail was like a collection of small magnets. Let’s call this the “small magnets model” of the nail.  

S1.  The “small magnets model” assumes there are a large number of small magnets inside a nail (or any piece of iron).  Let’s focus our attention on only one of the small magnets inside the nail, as shown in the first picture below.  The next several pictures shows the north pole of a bar magnet being dragged across the nail.  Draw in the small magnet and show what happens to it in the sequence of pictures. 
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S2. How does the “small magnets model” account for why a magnetized nail produces a strong magnetic field? 

S3. How does the “small magnets model” account for why an unmagnetized nail produces no magnetic field (or perhaps a very weak one)?

S4. Using the “small magnets model,” write a scientific explanation for why rubbing a nail from head to tip with the north pole of a bar magnet causes the tip of the nail to become a south pole.
Draw a diagram or diagrams:

Write the narrative:

S5. A good model not only helps explain known observations, but it also guides new predictions. Imagine you magnetized a nail and measured the strength of the magnetic field it produces (for example, by observing how many degrees a compass needle deflects when the tip of the nail is held nearby).   If you were to cut the nail in half, do you predict the magnetic field of the cut nail would be stronger than, weaker than, or the same strength as the whole nail?  Use the “small magnets model” to justify your prediction.  
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