
 
 
 
 
 
1)  A coil of wire becomes an electromagnet when current passes through it.  
 
2)  The electromagnet interacts with a permanent magnet, causing the coil to spin.  
 
 
Background 
 
Current flows through the wire coil and creates an electromagnet. One face of the coil 
becomes a north pole, the other a south pole. The permanent magnet attracts its opposite 
pole on the coil and repels its like pole, causing the coil to spin.  The trick of this 
spinning coil is that the coil is conducting current only during half a turn.  When 
conducting, the coil is attracted to the permanent magnet, causing it to turn.  Then half 
way through the turn, the coil is no longer conducting – the electromagnet is off and 
momentum finishes the turn of the coil.  This prevents the coil from stopping when it is 
attracted to the permanent magnet. 
 
Materials 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Motor (per motor) 
 
1 D cell battery 
1 AA battery 
50 cm magnet wire 
3 cm2 of sand paper 
2 medium paper clips 
1 strong permanent magnet 
1 paper cup 
20 cm scotch tape 
1 piece of construction paper on which to sand 
 

Demonstration – Electromagnet (per kit) 
 
20 cm magnet wire 
1 D cell battery 
1 2” nail 
3 cm2 of sand paper 
20 small paperclips 
 

Electromagnet Kit 

Electromagnet 
Motor 



Procedure 
 
To prepare before the session: 
 
1.  Build 8 Electromagnet demonstration sets.  Each set should contain the following: 

o The 20 cm magnet wire coiled around the nail with the both ends of the 
wire sanded so that the copper is bare.  The nail should slip in and out of 
the coil easily. 

o D cell battery 
o 20 small paperclips 

 
2.  Put each Electromagnet demonstration set in a container so that it can be easily 
handed out to each family. 
3.  Cut 50 cm lengths of magnet wire, enough for 8 motors per session. 
4.  Have each material in bins or piles that are easy to distribute. 
 
During session 
 
1.  Ask participants to describe a magnet.  Accept and acknowledge all reasonable 
answers. 
 
2.  Introduce the first concept, which is a coil of wire becomes an electromagnet when 
current is passed through it.  Pass out the Electromagnet demonstration kits.  Have the 
families try picking up the paper clips with the nail.  Then ask them to try to pick up 
paper clips with the nail through the coil.  Nothing should happen.  Then, have the 
families attach the ends of the coil to each end of the D cell battery.  The nail will become 
magnetized due to the electromagnet formed by the current flowing through the coil.  
CAUTION:  The points of contact between the coil and the battery will become hot.  The 
families should soon realize this.  They may want to tape the contacts, so they will not 
burn themselves.  Explain that the movement of electrons through the wire causes friction 
and therefore heat.  Let the families explore a little and ask questions, or prod them with 
questions to see if they understand the first concept.  For instance, do the number of coils 
affect the strength of the magnet?  (Yes)  Does the amount of current affect the strength 
of the magnet?  (Yes)  Then collect the demonstration kits. 
 
3.  Introduce the second concept – we can cause an object (the coil) to move by having 
the electromagnet interact with a permanent magnet.  Note that this time, we do not need 
the nail as a “surrogate” magnet.  
 
 
 
 
 
 
 
 



4.  Assign tasks to the families.  One person is in charge of making the coil using a AA 
battery to provide shape.  Leave 5 cm of wire projecting from either side.  The coil is then 
bundled together using the two ends to wrap around the coil itself as the pictures below 
show.  Make sure the projecting ends align on horizontal axis.  A photograph at each 
station may help families with the alignment. 
 
  
  
 
 
 
 
 
 
 
 
 
 
Once the coil is bundled, hold the coil vertically and along the edge of the desk and sand 
the top half of one of the wires projecting from the coil so that the copper is bare.  On the 
other projecting wire, completely sand off the enamel of the projecting wire.   
 
 
Another person(s) can work on the stand of the motor.  Place the cup upside down on 
the table.  Place the D cell battery on the bottom side (now facing upward) of the cup and 
secure with tape.  Unwind half a paper clip so that one end is straight and the other end 
still contains the smaller loop of the paper clip.  Tape the straight end of the paper clip to 
one end of the battery, making sure that contact is made between the battery terminal and 
the paper clip.  Unwind the second paper clip and secure to the other terminal of the 
battery.  Place the permanent magnet on top of the battery. 
 
5.  Carefully place the projecting wires in the small loops of the paper clips and gently 
start the coil spinning.  
 
Troubleshooting 
 
1.  Are the projecting wires on the coil aligned on a horizontal axis?   
2.  Are the wires sanded to expose the bare copper?  Are the projecting exposed wires 
making contact with the paper clips? 
3.  Is the coil able to spin freely? 
4.  Are the paper clips positioned so that the coil can turn on a straight axis? 
5.  Are the paper clips making contact with the terminals of the battery?   
 
 
 
 

Bundled coil Close up of ends of wire bundling up coil 



 
Notes: 
 
This activity can be done with battery holders as well, however, the emphasis here is that 
science can be done with items that are accessible and “low tech”.   
 
 
Resources  
 
http://www.exploratorium.edu/snacks/stripped_down_motor/index.html 
 
http://scitoys.com/scitoys/scitoys/electro/electro.html#motor 


