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Magnetic Field
Purpose:  Students will examine the strength and shape of magnetic fields of various types of magnets.
Standards: 3.1.7 A, B, C, E; 3.2.7 B; 3.4.7 A 
Introduction: 

A magnet is an object made of certain materials which create a magnetic field.  Every magnet has at least one north pole and one south pole.  The magnetic field lines leave the north end of a magnet and enter the south end of a magnet.  This is an example of a magnetic dipole ("di" means two, thus two poles).  If you take a bar magnet and break it into two pieces, each piece will again have a north pole and a south pole.  

When a ferromagnetic material is placed near a magnet, it will be attracted toward the region of greater magnetic field.  This is what we are most familiar with when our magnet picks up a bunch of paperclips.  Iron, cobalt, and nickel, and alloys containing these elements exhibit ferromagnetism because of the way the electron spins within one atom interact with those of nearby atoms.   They will align themselves, creating magnetic domains forming a temporary magnet.   

Adapted from Hoadley, R.  (2008).  http://my.execpc.com/~rhoadley/magreview.htm 

There are three main types of magnets: Permanent magnets, Temporary magnets, and Electromagnets.  Permanent magnets are those we are most familiar with, such as the magnets hanging onto our refrigerator doors.  They are permanent in the sense that once they are magnetized, they retain a level of magnetism.  Different types of permanent magnets have different characteristics concerning how easily they can be demagnetized, how strong they can be, how their strength varies with temperature, etc.  Permanent magnets can be made in most any shape imaginable.  They can be made into round bars, rectangular bars, horseshoes, rings, disks, rectangles, multi-fingered rings, and other custom shapes.  

Temporary magnets are those which act like a permanent magnet when they are within a strong magnetic field, but lose their magnetism when the magnetic field disappears.  Examples would be paperclips and nails that are attracted to a magnet.  

An electromagnet is a tightly wound coil of wire, usually with an iron core, which acts like a permanent magnet when electric current is flowing in the wire.  The strength and polarity of the magnetic field created by the electromagnet are adjustable by changing the magnitude of the current flowing through the wire and by changing the direction of the current flow.  When the current stops, the magnetic effect stops.

Adapted from Hoadley, R.  (2008).  http://my.execpc.com/~rhoadley/magtypes.htm 
Magnetic field lines are a way to visualize the magnetic field.   When drawn, the distance between them is an indication of the strength of the field.  The closer they are, the stronger the field.  For example, the number of lines per square centimeter is a measure of the strength of the magnetic field.  We also can indicate the direction of the magnetic field’s flow.  Remember, the magnetic field’s directional flow exits the North end of a magnet, flows through the air or other materials nearby, and re-enters the South end of the magnet.  Inside the magnet, the field flows from the South back to the North.  Magnetic fields are invisible but can be visualized using various methods. One way to see magnetic field lines is to put a magnet under a piece of paper, sprinkle iron filings on top of the paper, tap the paper a couple of times, and watch the small filings line up along the field lines. 

Adapted from Hoadley, R.  (2008).  http://my.execpc.com/~rhoadley/magfield.htm 
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Facts to Remember about Magnets!

1.  North poles point north, south poles point south. 

2.  Like poles repel, unlike poles attract. 

3.  Magnetic forces attract only magnetic materials. 

4.  Magnetic forces act at a distance. 

5.  Magnetic fields are greatest at the poles.

6.  The strength of a magnet varies at different locations on the magnet due to the magnetic field.

7.  While magnetized, temporary magnets act like permanent magnets. 

8.  A coil of wire with an electric current flowing through it creates a magnetic field creating an electromagnet. 

9.  Putting iron inside a current-carrying coil increases the strength of the electromagnet. 

10.  A freely suspended bar magnet will always tend to align itself with the North and South magnetic poles of the earth. 
Adapted from Hoadley, R.  (2008).  http://my.execpc.com/~rhoadley/magbasic.htm from the book Driving Force (Livingston, J., 1996) and  http://my.execpc.com/~rhoadley/maghow.htm.

Guiding Questions: 

1. What is required for an object to be called a magnet?

2. Explain what dipolar means with regards to magnets.

3. How do ferromagnetic materials react at the atomic level?

4. What is the difference between permanent magnets and temporary magnets?

5. What is necessary to create an electromagnet?  Can it be turned off and on?

6. What do magnetic field lines represent?

Vocabulary:


Atom


Electromagnet


Electron



Ferromagnetic material



Magnet

Magnetic domain Magnetic field


Magnetic field lines


North pole


South pole

Materials:  

Magnetic Field Demonstrator

Bar magnets (2)

Small rectangular magnets

Horseshoe magnet

Circle magnet

Cow magnet

Neodymium magnet

Paper clips

Safety: 

FOR THE MAGNETS:

Don't drop the magnets!  Magnets can chip or break additionally the impact can decrease the strength of the magnet.

FOR THE EXPERIMENTER:

Strong magnets can come together quickly and pinch your skin/finger(s).

FOR OTHER MATERIALS:
If strong magnets are placed close to:

 a video tape, portions of the tape will be erased or messed up.

 an audio tape, portions of the tape will be erased or messed up.

 credit cards, the magnetic strip on the back of the card will be erased or messed up.

 a floppy disk, large portions of the disk will be erased or messed up.

 a TV screen or computer monitor, the screen's colors will become distorted, which is not easy to fix!

Adapted from Hoadley, R.  (2008).  http://my.execpc.com/~rhoadley/magsafe.htm 

Procedure: 

1) In your kit, find a magnetic field demonstrator.  Place a single bar magnet on the demonstrator.  In the data table below, draw the magnetic fields of the single bar magnet as Diagram 1 – use the diagram from the previous page as a guide.

2) Now, place two bar magnets on the demonstrator with NORTH ends facing one another.  In the data table, draw the magnetic fields of the two bar magnets with NORTH ends facing one another as Diagram 2 – use the diagram from the previous page as a guide.

3) Now, reverse one of the two bar magnets on the demonstrator so that a NORTH end and a SOUTH are facing.  In the data table, draw the magnetic fields of the two bar magnets with a NORTH end and a SOUTH facing as Diagram 3 – use the diagram from the previous page as a guide.

4) Now, place a horseshoe magnet on the demonstrator.  In the data table, draw the magnetic fields of the horseshoe magnet as Diagram 4 – use the diagram from the previous page as a guide.

5) Examine the magnetic fields of each other types of magnets provided in the kit.

6) Using the Neodymium magnet, pick up paper clips through the magnetic field demonstrator.  Explain what you observe in the magnetic field demonstrator.

Data Table:

	Diagram 1

	

	Diagram 2
	Diagram 3

	
	

	Diagram 4

	


Questions:
1. In your own words, define how a magnet works. 

2. Explain how the magnetic field differs between the bar and horseshoe magnets?

3. Which magnet had the strongest magnetic field?  How do you know this?

4. What happens when you place ferromagnetic materials into the magnetic field of a Neodymium magnet?

5. How can a magnetic field’s strength be increased?
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