
Electric and Magnetic Forces 

What do a doorbell and a junkyard’s scrap-metal crane have in 
common? They both use the electromagnetic force created by 
electromagnets to do work. How do electromagnets produce this 
force? Actually, the process is quite simple: an electric current is 
sent through wires, which generates a magnetic field. Sending 
current through more coils of wire creates a larger magnetic field. 
The junkyard electromagnet needs to be huge in order to create a big-enough 
electromagnetic force to attract the large pieces of scrap iron. 
The doorbell electromagnet is much smaller in comparison, 
because it only needs to attract a tiny metal flapper that hits a 
bell. 

Electric Motors  
The electromotive force (EMF) is behind most of the 
interactions we see in our world. On the atomic level, 
the EMF keeps electrons (negatively charged particles) 
in orbit around the nucleus. The EMF causes electrons 
to form electron bonds among elements and produce 
molecules and the matter you see everywhere. 
Electrons “jumping” energy levels even produce the 
light you see. Many years ago, scientists thought 
electric fields were entirely separate and different from 
magnetic fields. Today, we know that 
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electricity and magnetism interact in the electromagnetic force, a fact that led to the 
invention of the electric motor. In the diagram above, current flows through a coil of 
wire inside a magnetic field, which exerts a force on the loop, causing it to spin. This 
mechanical energy on a larger scale can turn parts in machines used at homes, 
schools, and businesses. What do you think our world would be like without the 
electric motor? How have motors changed your life? 

Electric Fields 
Where there is an electric field, it does not mean there will always be a magnetic 
field. Electric charges have to flow as a current before a magnetic field is produced. 
Look at the examples below. The lamp on the left is plugged in and has electric 
pressure or voltage inside the cord that creates an electric field. When the lamp on 
the right is turned on, current flows and a magnetic field is produced.  

Electric pressure (voltage) is similar to water pressure in a hose. With the nozzle off, 
the pressure is still there. The nozzle must be turned on to allow the water to flow, 
just as the electric charges need to flow to produce electric current, which creates the 
magnetic field. 

Static Electricity 
Electric forces in static electricity also act across distances, 
forming electric fields but not magnetic fields. Static electric 
charges can attract or repel each other. Positive (+) and 
negative (-) electric charges attract, while like charges, (-) and 
(-) or (+) and (+), repel. Try rubbing an inflated balloon on your 
hair. Now bring the balloon close to your hair. Does your hair  
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stand up toward the balloon when you bring it near? Try bringing the balloon close to 
a small stream of water from the water faucet or small bits of paper on a desktop. 
Does the water or paper move toward or away from the balloon? If so, you are 
observing the electric field. 

Electromagnets 
When a piece of iron is put into the field of a magnet, it 
becomes a magnet too. It remains a magnet even when it is 
removed from the field, though this new magnet may not be 
very strong. To make it stronger, it helps to heat and tap on the 
iron object while it is in the field. You can use Earth’s magnetic 
field to make a magnet. You will need a compass, a hammer, 
and an iron rod. The iron rod should be about a foot long (the 
vertical rod in a ring stand works well). With an adult’s help, 
use the compass to find the direction north. Point one end of the rod toward north. Hit 
one end of the rod with the hammer several times. This will help rearrange the iron 
atoms to create a magnetic field. 

An electromagnet is a temporary magnet with a magnetic 
field produced by an electric current. The current is the 
result of moving electric charges. When the current is on, 
the magnetic force appears. If the electric charges stop 
moving, the current is off, and thus the magnetic property 
vanishes. An electromagnet consists of a coil of wire 
wrapped around an iron core, such as a large nail with 
ends attached to a battery with tape. 
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