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Topics covered in this lab:

· Magnets and Forces

· Making Magnets using Electric Current

· Making a Motor

Warning: The two neodymium magnets you will be given are very strong. You should keep them away from credit cards and mechanical watches or these may not work real well. The magnets are quite brittle and will break if dropped.

Experiment 1:  Investigating Your Magnets
Materials:

· Two neodymium magnets for each student (you keep these)

· Bar Magnet

· Compass

Activity 1: Place a bar magnet on the table and make sure all other magnets are at least six feet away from it.  You will use the cheap little compass provided to map out the magnetic field lines of the bar magnet, drawing your results on the diagram on page 2.  Place the compass on the table, up against the bar magnet at one end. 

On the diagram, draw an arrow in the following way:

· The position of the arrow should show the position of the compass relative to the bar magnet.

· The direction of the arrow should be the direction of compass needle, with the head of the arrow representing the red side of the needle. 

Move the compass all around the bar magnet in ½ inch steps. The compass should be touching the magnet.  For each step draw another arrow. Draw all of the arrows the same length - between ½ and 1 inch or so.

[image: image1.emf]Now move the compass about 1 inch away from the magnet. Move the compass around the magnet in 1 inch steps, keeping it about an inch away from the magnet at each step, and draw an arrow for each step. Repeat the procedure using 2 inch and 3 inch distances & steps.  When your diagram is complete, share your findings with others and discuss as a class.

[image: image2.emf]
[image: image3.emf]Activity 2: Do the same thing as Activity 1 but map out the field of one of your neodymium magnets rather than the bar magnet. You should stand your magnet on end and keep it in place using a piece of tape.  Move the compass in circles 1, 2, 3 inches away from the magnet disc using steps that are small enough that you can the change in the direction if the compass needle is not too big between adjacent locations. Draw your results on the “view from above” diagram below. When your diagram is complete, share your findings with others and discuss as a class.
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Describe a way that you can figure out which side of each of your neodymium magnets is “North”. 

Color the north sides of your magnets with a marker for future reference.
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Experiment 2: The Earth is a Big Beautiful Magnet
Materials:

· Neodymium magnets 

· Compass

· Thread
Use the compass provided to find “North” (making sure no other magnets are nearby to mess this measurement up). Keep this direction in mind during the following exercises.

[image: image6.emf] 

   


Activity 1: Working individually, hang one of your neodymium magnets from a string a couple of feet long. Make sure you keep away from any other magnets.  Move around a bit. What do you observe? 

[image: image7.emf]
Discuss as a class.

Activity 2: Tie a second string to your neodymium magnet. Stretch the strings horizontally as shown below, making sure that the places on the magnet where the two strings are attached are directly across from each other.  

[image: image8.emf] 

   


Stand so that you are facing north and the strings run east and west and make a note of the orientation of the magnet.  Keeping your arms outstretched, turn around and face south. Make a note of the orientation of the magnet.  In both cases, in which direction does “North” seem to be? 

Based on these two activities, can you guess what the magnetic field lines of the earth might look like?  Sketch your guess on the earth below:

[image: image9.emf]
[image: image10.emf] 

   


Discuss as a class.

Experiment 3:  Making a Magnet
Materials:

· 1 meter length of wire 

· Battery with leads & clips

· Neodymium magnets 

· Thread
· Compass

· Razor blade

· Tape

[image: image11.emf]
Working as a group, take a length of wire and wrap it repeatedly around a ¾” cylindrical object until only an inch or two are left at each end (see sketch to the right). Using a razor blade scrape about ¼” of the insulation off each end of the wire. Tie the loops together with string in two or three places so that they stay together as you handle it.

Activity 1: Stand the loop on its side and hold it in place with some tape. Hook the positive side of the battery up to one of the leads and the negative side to the other lead. The battery is now driving an electric current through the loop of wire. Move the compass around near the loop of wire. What do you see?

Investigate the magnetic field of this loop in exactly the same way that you did for the neodymium magnet in activity 2 of experiment 1. How does the field of this loop compare to that of the neodymium magnet?
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Discuss as a class.

[image: image13.emf] 

   


Activity 2: Suspend a neodymium magnet from a string and dangle it near the loop.  Investigate the forces between the magnet and the loop when the battery is driving a current through the loop. Which side of the loop is “North”?

[image: image14.emf]Tie with string Tie with string
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Switch the way the leads from the battery are hooked up to the loop of wire. Now which side of the loop is “North”?

Disconnect the battery from the loop. Describe the magnetic field produced by the loop now.

[image: image16.emf] 

   


Discuss as a class.

Experiment 4:  Making a Motor
Materials:

· Base to hold motor.

· 1 meter length of wire 

· Battery with leads & clips

· Neodymium magnets 

· Thread
· Compass

· Razor blade

· Tape

· Paper clips

[image: image17.emf] 

   

Working individually, take a length of wire and wrap it repeatedly around a ¾” cylindrical object until only an inch or so is left at each end (see sketch below). This time the two leads should stick straight out at opposite ends of the loop. Tie the loops together with string in two or three places so that they stay together as you handle it. You may also want to use some tape to provide extra strength at the places where the leads stick out.




You will again scrape away part of the insulation from the leads that are sticking out, but this time you will do it a bit differently.  Lay the completed loop on the table. Looking down on it from above it should look like the sketch above.  Using the razor blade, remove the insulation from the top of the leads only. In other words, when you are done the top half of the leads should be shiny metal, but if you turn the loop over you should still see insulation on the bottom half, as shown in the “zoomed in” sketch to the right.  

If you have any questions or doubts about doing the right thing, ask the instructor before starting to remove the insulation.  

Using paperclips and the base, make the two vertical supports that will be used to hold your wire loop as shown in the figure below.  There will be a working example at the front of the room that you can look at.


You want the loop to turn just above the magnet, not much higher, so you may need to trim the paperclips with wire cutters.

Carefully balance the loop so that it turns easily as it is held by the supports. Place your neodymium magnets in the holder.

Hook the two wires from the battery up to the two supports and give the loop a little spin to get it started. If you can’t get it to work after trying for a while, ask for help.

See if you can figure out how the motor works.  Explain why stripping the insulation from just the top half of the leads was the key to getting this motor to spin.


Discuss as a class.
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