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 Magnetism is a non-contact or invisible force exerted by a magnet. Magnetism 
is also called magnetic force. It is called so because only a magnet exerts this force. 
Magnetic force attracts or repels other magnets or magnetic objects.  

 A magnet is an object that produces magnetic force. It is usually made of iron, 
nickel or cobalt. The strength of a magnet’s magnetic force depends on the size of 
the magnet and the material of the magnet. Larger magnets produce stronger 
magnetic force. The strongest magnets are made of rare Earth metals. These metals 
produce an extremely strong magnetic force. The most commonly used and strongest 
type of rare Earth magnet is the neodymium magnet. 

 

 

 

 

What actually makes a magnet magnetic? 

 All matter is made of atoms. All atoms exert a tiny, magnetic force. Atoms group 
together so that their magnetic forces align. These groups are called domains. In a 
magnet, all the domains align so that their magnetic forces act in the same direction. 
This produces an object with a uniform magnetic force or field. Essentially, a bunch a 
tiny magnets form a large magnet whose magnetic force can be felt by objects 
around it. In a non-magnet, the domains point in random directions and so the object 
does not produce a large magnetic force that you can feel. 
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Domains align in a magnet	 Domains do not align in non-magnet	

 Most magnets are straight and rectangular, 
These magnets are called bar magnets. Other 
magnets are curved and horse-shoe shaped. These 
magnets are called horseshoe magnets. Yet other 
magnets are shaped like disks, rings or cylinders. Horseshoe magnet	 Bar magnet	



What is Magnetism? Advanced Continued 

Types of Magnets   

 There are three main types of magnets. A permanent magnet is an object 
made of matter that is permanently magnetized. A temporary magnet is an object 
that becomes a magnet through magnetization. Over time, a temporary magnet loses 
its magnetism. The third type of magnet is an electromagnet. An electromagnet is a 
temporary magnet produced by an electric current.  

Magnetic Poles 

 Magnets have ends called poles. One pole is called the north pole (N). The 
other pole is called the south pole (S). Identifying the north and south pole of a 
magnet is important because the poles of two magnets interact differently depending 
on how the magnets are oriented to each other. The north pole of one magnet is 
attracted to the south pole of a second magnet. However, the north pole of one 
magnet is repelled by the north pole of a second magnet. For this reason, we say like 
poles repel and unlike pole attract. 
 
 
 
 

 You cannot separate the north and south pole of a magnet. If you cut a magnet 
in half, you do not get a “north pole magnet” and a “south pole magnet.” You get two 
smaller magnets instead. 

Do magnets only attract and repel other magnets? 

 Magnets do not only attract or repel other magnets. Some objects are 
attracted to or repelled by magnets as well. These objects are called magnetic 
objects or materials. Magnetic objects are usually made of iron, nickel or cobalt – the 
same materials that magnets are made of. Some alloys (mixture of metals) are 
magnetic as well. For example, steel is a magnetic alloy made of iron and carbon. 
Stainless steel is a type of steel and a common material found on the exterior of 
appliances, such as refrigerators. It is magnetic, so you can hang things on your 
refrigerator with magnets. Additionally, some rocks are magnetic. Lodestone, also 
called magnetite, is a magnetic rock commonly found inside Earth. Objects that are 
not magnetic are called non-magnetic objects. 
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What is Magnetism? Advanced Continued 

 Some magnetic objects can be made into a temporary magnet. This process is 
called magnetization. If you run a magnet over a magnetic object, you can convert 
that object into a temporary magnet. The magnet must move over the object several 
times in the same direction. This causes the magnetic object’s domains to align. 

 Just as a magnetic object can gain magnetism, a magnet can lose magnetism. 
The loss of a magnet’s magnetic force is called demagnetization. Heating, 
hammering or dropping a magnet can cause demagnetization. Temporary magnets 
are easy to demagnetize since their domains are artificially aligned. Permanent 
magnets are more difficult to demagnetize. However, it’s important to handle 
permanent magnets carefully because dropping, bumping or jarring it can weaken its 
magnetic force. Heating a permanent magnet to a very high temperature is usually 
the only way it can completely lose its magnetism. 

Magnetic Field 

 A magnet or magnetic object is attracted to or repelled by a magnet when it is 
placed near the magnet. It must be placed close enough so that the magnet’s 
magnetic force can affect the object. The area of magnetic force around a magnet is 
called the magnetic field. A magnet’s magnetic force is stronger when close to a 
magnet. As you move away from a magnet, the magnetic force, and thus magnetic 
field, weakens.  
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Magnetic Field Lines 
 Magnetic force has direction. Therefore, a 

magnet’s magnetic field has direction. Magnetic 
field begins at the north pole and travels outward 
and around the magnet toward the south pole. 
Magnetic field then travels through the magnet 
from the south pole to the north pole. Magnetic 
field lines are lines we draw to help visualize the 
direction of the magnetic field. The diagram to the 
right shows the magnetic field of a bar magnet. 
Notice that the lines are drawn with arrows to 
show the direction of the magnetic field. Also the 
magnetic field lines never cross. 
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 Did you know that the Earth behaves like a giant magnet? At the center of 
Earth is a core of iron. The core is made of an outer layer of molten, flowing iron and 
an inner layer of solid iron. Earth’s core acts like a giant bar magnet that exerts a 
magnetic force. The magnetic force creates a magnetic field around Earth. Earth’s 
magnetic field extends outward and around Earth and down toward the core of Earth 
at its poles.  

  

 

 

 

 
 

 Just like a bar magnet has poles, Earth has poles. You are probably familiar 
with Earth’s geographic North and South pole. Geographic poles are imaginary points 
that identify Earth’s axis of rotation. In other words, Earth spins around the North and 
South geographic poles. The geographic poles are also the points where lines of 
longitude converge. Geographic poles are different from magnetic poles. The 
magnetic poles are points where Earth’s magnetic field extends downward towards 
Earth’s core. Just as the magnetic field converges at the poles of a magnet, Earth’s 
magnetic field converges at the North and South Pole.  

 Earth’s magnetic poles are not located at the same position as Earth’s 
geographic poles. They are located 10° or 965 km from Earth’s geographic poles. 
Interestingly, the magnetic poles move over time. They move due to changes in the 
flow of molten iron in Earth’s outer core. This movement is called Polar Drift. Earth’s 
magnetic poles drift 55 to 60 km every year.  
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Earth as a Magnet Continued 

How can you find Earth’s magnetic poles? 

 A compass is a device that detects Earth’s magnetic field and points towards 
the magnetic poles. It contains a small needle that is magnetized. The needle is 
suspended so it can spin freely inside the compass casing. Because the needle is 
magnetized, it spins to align with Earth’s magnetic field. When it aligns with Earth’s 
magnetic field, it points towards the magnetic poles.  

 The north pole of the compass needle points towards the geographic North 
end of Earth. If the north pole of one magnet is attracted to the south pole of a 
second magnet and the north pole of the compass needle points north, technically 
Earth’s magnetic south pole is located at the geographic north end of Earth. 

 

 

 

 

 

 

 

 

 

 A compass is a great tool for navigation. It can help someone determine North, 
South, East and West so to orient that person as to his or her location on Earth. 
However, a compass does not always work very. When a person wants to determine 
their geographic location, he wants to do so in respect to the geographic poles, not 
magnetic poles. Remember the magnetic poles are close to the geographic poles, 
but not at the same exact location. When using a compass far away from the poles, a 
compass works well. The difference between the geographic and magnetic pole is 
not significant and you can assume that the needle points towards the true, 
geographic pole. However, when you are close to North Pole, the compass does not 
work well. The direction of the compass needle will point about 10° off from the true, 
geographic North pole. This is a big deal when trying to navigate around the North 
Pole.  
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Geographic North	

Geographic South	

Magnetic South	

Magnetic North	
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 Earth’s magnetic field creates a protective shield around Earth. This shield is 
called the magnetosphere. It is called so because it surrounds Earth like a sphere 
and is created by Earth’s magnetic field.  

 The magnetosphere extends 37,000 miles out into space. This is important 
because it protects Earth from dangerous solar wind. Solar wind is a dangerous 
stream of charged particles hurled out from the Sun. These particles are deflected 
off Earth’s magnetosphere and so they do not reach Earth’s surface.   

 

 

 

 
 

 Some solar wind particles are not deflected off Earth’s magnetosphere. These 
particles are trapped and pulled down towards Earth’s surface at Earth’s magnetic 
poles. The particles “bump” into gas molecules in Earth’s atmosphere at the poles. 
The bumping excited the gas molecules and causes them to emit bright colors of 
light. This phenomenon is called an aurora.  

 Aurorae occur at both the south and north ends of Earth. An aurora at the 
geographic north end of Earth is called aurora borealis or Northern lights. An aurora 
at the geographic south end of Earth is called aurora australis or Southern lights. 
Most aurorae occur between 10 and 20 degrees from the magnetic poles. However, 
aurora can be seen at lower latitudes during a solar flare. A solar flare is an explosion 
in the sun’s atmosphere. This explosion ejects a massive amount of solar wind 
particles. If directed towards Earth, the large ejection of charged particles can disturb 
Earth’s magnetosphere and cause an aurora at lower latitudes.  
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 Electric force is an invisible force produced by an electrically charged particle. 
An electrically charged particle can attract or repel other electrically charged 
particles. This attraction and repulsion is electric force. 

 An electrically charged particle is simply called a charge. Some charges are 
positive. These are called positive charges (+). Other charges are negative. These are 
called negative charges (−). Not all particles are charged. Particles without an 
electric charge are neutral. Neutral particles are not attracted to or repelled by 
positive or negative charges. 

 Objects can have an electric charge too. Most objects have equal amounts of 
positive and negative charges. If positive charges build up on an object, the object 
becomes positive. If negative charges build up on an object, the object becomes 
negative. Electrically charged objects exert electric force just like charged particle.  

 Only charged particles or objects exert electric force. The electric force exerted 
by one charged particle attracts or repels other particles with a charge. Particles with 
opposite charges attract each other. Particles with like charges repel each other. For 
example, a positive and a negative charge will attract. On the other hand, two 
positive charges will repel.   

 

 

 

 The area of electric force around a charged particle or object is called electric 
field. Other charged particles or objects are affected by a particle’s electric force if in 
its electric field. A particle or object with more electric charge produces a stronger 
and larger electric field. The strength of electric force, and thus electric field, 
decreases as you move away from the charged particle or object.  
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Like  
charges repel	

Opposite  
charges attract	
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 Energy is contained within an electric field. Energy is the ability to do work. It 
can move things or provide power to make things happen. The energy in an electric 
field is called electrical energy. Electrical energy is also called electricity. Electrical 
energy can build up on an object. It can also move from one place to another.  

 There are two types of electrical energy or electricity. One type of electricity is 
stored. This is called static electricity. The other type moves from one place to 
another. This is called current electricity. 

 

 

 

 

 

 

 

 

 

 

 

NOW You Know... 

 When people talk about electricity, they often only refer to current electricity. 
This is the form of electrical energy that most people are familiar with. However, it’s 
important to know that there are actually two types of electricity.  
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1.  Static electricity is electrical energy that builds up on 
an object. Static electricity builds up when two 
objects rub against each other, such as when a 
balloon is rubbed with a wool mitten. It is called static 
electricity because the energy is static, or immobile. 
Static electricity is important because it explains 
many natural phenomenon such as lightning.  

2.   Current electricity is electrical energy that moves from 
one place to another. Electrical energy moves when 
charges move. The movement of charges is called 
current. This is why current electricity is called so. 
Current electricity provides energy to power electrical 
devices and appliances.  
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 All objects have both positive and negative charges. Most objects are neutral. 
Remember that neutral objects have equal amounts of positive and negative 
charges. Neutral objects do not have static electricity because they have equal 
amounts of positive and negative charges. Only objects with unequal amounts of 
positive and negative charges have static electricity. If negative charges build up on 
an object, the object becomes negatively charged. If positive charges build up on an 
object, the object becomes positively charged. An object becomes positively charged 
because it loses negative charges. 

 When two objects rub against each other quickly, charges from one object can 
transfer to the other object. Specifically, negative charges (called electrons) are 
transferred. This results in two electrically charged objects. The object that gains 
electrons becomes negative. The object that loses electrons becomes positive.  

 

 

 

 
 

 Objects with opposite charge attract. When a woman wears a wool skirt with 
stockings, the skirt rubs against the stocking. This causes negative charges to 
transfer from the skirt to the stockings. The skirt becomes positive and the stockings 
become negative. Because the objects have opposite charge, the skirt clings to the 
stockings. On the other hand, objects with the same charge will repel. When a child 
goes down a slide, the rubbing between the child and the slide causes negative 
charges to build up on the child, especially in his or her hair. Because each hair 
accumulates negative charge, they repel each other and stick straight up. 
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 Current electricity is electric energy that transfers or moves from one place to 
another. It is called so because the movement of charge is called current. Current 
electricity is the form of electric energy that most people talk about when referring to 
electricity. Current electricity provides energy needed to power electronics, 
appliances and many other devices. 

 In order for electric energy to move, charge must have a path to travel. This 
path is called a circuit. A circuit consists of a battery, wire and devices that use 
electric energy. The battery provides force or pressure to push current through a wire. 
The wire provides the conduit for current to move. Wire is usually made of copper or 
another metal that easily allows current to flow. Electrical devices connect to the 
wire. These devices access current electricity in the wire. Current electricity provides 
energy to power the electrical devices. The electrical devices you are familiar with, 
such as computers, lamps, and TVs cannot work without current electricity.   

 

 

 
 
 

 

 Current can only move through a circuit if the circuit is a continuous, closed 
loop. The wire must connect to one end of the battery, across each and every device 
in the circuit and then to the other end of the battery. This provides a one-way path 
for current to flow around the circuit. If the wire is not connected to the battery and 
devices this way, current cannot flow. If current cannot flow, there is no current 
electricity.  
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Battery 

Wire 

Electrical device 



Circuits Advanced Continued  

How does current flow around a circuit? 

 When the terminals of a battery are connected to the wire of a circuit, 
reactions occur inside the battery. The reactions cause negative charges to build up 
at the negative terminal. The negative charges move from the negative terminal 
through wire, across electrical devices and to the positive terminal of the battery to 
generate electricity. 

Open vs. Closed Circuits 

 The way wire connects to the battery and electrical devices must be done in a 
way so that current has a continuous, closed loop to travel. A circuit that has a 
continuous closed loop is called a closed circuit. Current can only flow through a 
closed circuit. If there are breaks in the circuit or the circuit is not a continuous loop, 
current cannot flow. A circuit that is not closed is called an open circuit.  

 The illustration below shows an example of a closed circuit. The wire connects 
to the negative terminal of the battery, across two electrical devices and then to the 
positive terminal of the battery. When wire is connected to the battery and electrical 
devices this way, current flows. 

 

 

 

 

 The illustrations below show examples of open circuits. In the first illustration, 
the wire is not attached to the battery correctly. The wire must be attached to the 
positive and negative terminal of the battery, not just one end of the battery. In the 
second illustration, the wire is not connected to the devices correctly. Wire must 
attach to both terminals of each electrical device in order to form a closed circuit.  
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Circuits Advanced Continued  

Series vs. Parallel Circuits 

 Circuits may have more than one electrical device. There are two different ways 
that multiple devices can be connected together so to make a closed circuit:  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Circuit Switch 

 Some circuits have a device that disrupts the flow of current. This device is 
called a circuit switch. A circuit switch acts like a “circuit breaker.” When the switch is 
open, the circuit is open and current will not flow. When the switch is closed, the 
circuit is closed and current will flow. 
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Circuit switch is open Circuit switch is closed 

1.  Devices can be linked together in a row, one after the 
other. A circuit with devices linked this way is called a 
series circuit. In a series circuit, current flows through 
the devices sequentially. This is a simple way of 
connecting devices. However, if one device breaks, the 
entire circuit is broken. Let’s say you have a series 
circuit of three bulbs. If one bulb blows, the other bulbs 
will not light up. 

2.  Devices can be linked together with separate pathways 
or loops. A circuit that is set up this way is called a 
parallel circuit. In a parallel circuit, current splits and 
has independent paths to take through each device. 
This is a more complicated type of circuit. However, if 
one device breaks, the other devices still work. For 
example, if one bulb blows in a parallel circuit of three 
bulbs, the other two bulbs stay lit because there are 
still complete paths for current to flow to other bulbs.  
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 Some materials allow charges to move more easily through them. These 
materials are called conductors. Conductors allow current, and thus current 
electricity, to flow freely through them. Metals are the best conductors. Copper, silver 
and aluminum are commonly used conductors. Electrical wire is usually made of 
copper because it is a good conductor and inexpensive.  

 You may be surprised to learn that water can be a good conductor as well. 
Water usually contains minerals and electrolytes. When water contains these 
substances, it is able to conduct electricity. This is why it’s important to not use 
electrical devices, like a hair dryer, while in the shower or bath. If current from the 
device “jumps” to the water, the water will conduct electricity from the device to you. 
You may receive an electric shock. Electric shock can be dangerous and even deadly 
if current is strong enough. 

 On the other hand, materials that do not allow charges to move easily through 
them are called insulators. Insulators do not allow current, and thus current 
electricity to flow freely through them. Rubber, plastic and glass are good insulators. 
Electrical wire is usually covered with rubber or plastic because it provides insulation 
for the wires. The current cannot go through the insulator. Therefore, current is forced 
to follow the path of the wire.  The insulator also prevents electric shock by keeping 
the current flowing through the wire and not through your body.   
 
 
Summarize the information in the reading above. 
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________ 
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 An electromagnet exerts a magnetic force only when current flows through the 
wire. Current can only flow through the wire if the wire is part of a closed circuit. The 
wire must be connected to the ends of the battery correctly and there cannot be 
breaks in the wire. If the wire is disconnected from the battery or there is a break in 
the circuit, the object loses its magnetism.  

 The strength of an electromagnet depends on two factors. The first is the 
voltage supplied by the power source. A power source that provides more voltage 
produces a stronger current. A stronger current produces a stronger electromagnet. 
The second is the number of times the wire is coiled around the object. Increasing 
the times a wire is wrapped about the object produces a stronger electromagnet. 

 An electromagnet is easily controlled by controlling its current. When current 
does not flow through the wire, the electromagnet is “off.” When current flows 
through the wire, the electromagnet is “on.” For this reason, electromagnets have 
many practical uses. Motors, loudspeakers, MRI machines and doorbells are all 
devices that use electromagnets. When these devices are “on” they use an 
electromagnet to function properly.  
 
Summarize the information in the reading above. 
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________ 
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 An electromagnet is a magnet created by an electric 
current. When the wire connected to a power source is coiled 
or wrapped around a magnetic object, the object becomes a 
magnet. The object becomes a magnet because electricity 
causes the magnetic object to exert a magnetic force.  
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 An electric generator is a device that uses a magnet to generate electricity. If 
you place a loop of wire inside a magnet’s magnetic field and move the magnet you 
create an electric current and thus, electricity in the wire.  

 When a magnet moves around a loop of wire, the magnet’s magnetic field 
exerts a force on the wire. This force pushes charges (electrons) in the wire. Moving 
charge is an electric current. Electric current carries electric energy (electricity). 

  

 

 

 

 

 

 
 

 Virtually all the electricity we use is produced by massive electric generators at 
power plants across the country. At most power plants, fossil fuels are burned to heat 
water to make steam. The steam spins a big fan called a turbine. The turbine rotates 
the shaft in an electric generator. The shaft spins the loop of wire inside a magnet, 
which generates electricity. The electricity is carried from the power plant to homes 
and other buildings that use electric energy to power appliances and devices. 
 
Summarize the information in the reading above. 
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________ 
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 Most electric generators work by rotating a loop 
of wire within a magnet. Rotating a loop of wire in a 
magnet has the same effect as rotating a magnet 
around a loop of wire.  Here’s how it works: 
1.  A loop of wire is placed within a magnet. The loop 

of wire is connected to a shaft.  
2.  The shaft rotates causing the loop of wire to 

rotate within the magnet. 
3.  A current is generated in the wire.  Current	

Shaft	

Loop of wire	

Magnet	
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