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Magnetism

Magnetism is an important phenomenon that we experience almost everyday. It is also one of the most ancient
historical perceptions in physics and was discovered early on in history. As you have probably studied in
earlier grades, the idea of magnetism goes a long way - and perhaps it is one of the oldest physical phenomena
discovered. The phenomenon first being recorded dates back before the birth of Christ, particularly in a region
of Asia Minor called Magnesia (the name of this region is the source of words like magnetic). Magnetic rocks
found in Magnesia, which is now part of western Turkey, stimulated interest during ancient times. The use of
magnets in compasses - their earliest application - resulted not just in improved expeditions, but also in the
names of “north” and “south” being given to the two types of magnetic poles.

The magnificent spectacle of the Aurora Borealis, or northern lights, glows in the northern sky above Bear Lake
near Eielson Air Force Base, Alaska. Shaped by the Earth’s magnetic field, this light is produced by radiation
spewed from solar storms.

Magnetism plays a great role in the human civilization - it would not be an overstatement to say civilization
would not exist if not for a great role played by magnetism. For instance, electric motors, with uses as diverse
as powering refrigerators, starting cars, and moving elevators, contain magnets. Generators, whether producing
hydroelectric power or running bicycle lights, use magnetic fields. In addition, magnetism play a great role in
different fields such as the medical field in Magnetic resonance imaging (MRI) - which has become an important
diagnostic tool in the medical field.

Magnets

So, we now understand that magnets are very useful and also cause a lot of beautiful phenomenon on the sky!
But, let’s take a look at the common magnets we have around us. You probably have seen many types of
magnets in your earlier grades, mainly categorized based on shape.

We can see in the figure above, that the magnets attract other metals such as paperclips around them, and
also another important fact - no matter the shape or size of the magnets, they always have two poles - the
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North & South poles. So, magnets can come in different sizes or shapes, but they always have two poles. Recall
the similarity this has with charges having dual polarities(negative & positive). However, we can never have a
magnetic monopole - a North or South pole alone. Another that magnets have with charges is that like poles
repel while unlike poles attract.

To summarize:

� Similar to charges, magnets have dual poles - North & South

� Similar to charges, the like poles repel while the unlike poles attract

Earth’s Magnetic Field

Although the origin of Earth’s magnetic field remains fairly a mystery, we can logically hypothesize and explain
the phenomenon within scientific reason. One major hypothesis is that the Earth’s magnetic field is mostly
caused by electric currents in the liquid outer core.

We can effectively think of the magnetic field of the Earth as being caused by a large bar magnet inside the
Earth. That way, we can just assume the globe of the Earth with a bar magnet inside it. The south pole of the
bar magnet inside the globe is is near, but not exactly on, the north geographic pole. The north pole of the bar
magnet inside the globe is near the south geographic pole.

A Compass

A compass is an instrument which is used to find the direction of a magnetic field. It can do this because a
compass consists of a small metal needle which is magnetized itself and which is free to turn in any direction.
Therefore, in the presence of a magnetic field, the needle is able to line up in the same direction as the field.
Compasses are mainly used in navigation to find direction on the earth. This works because the earth itself
has a magnetic field which is similar to that of a bar magnet shown above. The compass needle aligns with the
magnetic field direction and points north (or south). Once you know where north is, you can figure out any
other direction.

If we have a compass, such as on the figure above; the north pole of this magnet is pointing toward the
north pole of the globe (or the south pole of the magnet inside the globe). The Earth acts like a very large bar
magnet with its south-seeking pole near the geographic North Pole. That is why the north pole of a compass is
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attracted toward the geographic north pole of the Earth — because the magnetic pole that is near the geographic
North Pole is actually a south magnetic pole.

Confusion arises because the geographic term “North Pole” has come to be used (incorrectly)
for the magnetic pole that is near the North Pole. Thus, “North magnetic pole” is actually a
misnomer—it should be called the South magnetic pole.

Types of Magnets

We can categorize magnets in various ways. We can categorize them based on shape, for example. We have
many different shapes of magnets: ring, bar, cylindrical, arc, etc. However, we can categorize magnets based
on longevity as well:

� Permanent Magnets: are made up of ferromagnetic materials that are magnetized and have their own
magnetic fields. They are known as permanent magnets because they do not lose their magnetic property
once they are magnetized. However, the strength depends upon the nature of the material used in its
creation.

� Temporary Magnets: can be magnetized in the presence of a magnetic field. When the magnetic field
is removed, these materials lose their magnetic property. Iron nails and paper-clips are examples of the
temporary magnet.

� Electromagnets: consist of a coil of wire wrapped around the metal core made from iron. When the
coil of wire conducts a current, a magnetic field is generated making the material behave like a magnet.
The strength of the magnetic field can be controlled by controlling the electric current. Electromagnets
are used in the generators, motors, transformers, loudspeakers, MRI machines, magnetic locks etc.

More on Ferromagnetic Substances and Electromagnets

The fact that magnetic poles always occur in pairs of north and south is true from the very large scale—for
example, sunspots always occur in pairs that are north and south magnetic poles—all the way down to the
very small scale. Magnetic atoms have both a north pole and a south pole, as do many types of subatomic
particles, such as electrons, protons, and neutrons. Recall earlier that we have seen we can never have a magnetic
monopole.

From the above concept, we can deduce all magnets are made up of smaller magnets. These smaller magnets
are called magnetic domains. We know that magnets can only be made of certain materials - these materials are
called ferromagnetic. Ferromagnetic materials are materials that are able to be magnetized. Common examples
of elements that are ferromagnetic include iron, nickel, cobalt, and gadolinium. The difference between the
magnets and the ferromagnetic materials that aren’t magnets yet is the arrangement of the magnetic domains.
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In Figure a, there are many domains but each domain has a slightly different orientation. In Figure b, the
domains are larger. Most of the domains are oriented in roughly the same direction. In Figure c - which is
broadly the overall effect of the figure in b, there is a single domain for the entire piece of iron. There is a north
pole and a south pole.

Magnetization & Demagnetization

When a magnet is brought near a previously unmagnetized ferromagnetic material, it causes a local magnetization
of the material with opposite poles closest. This is due to the rearrangement of the magnetic domains. Within
domains, the poles of individual atoms are aligned. Each atom acts like a tiny bar magnet. Domains are
small and randomly oriented in an unmagnetized ferromagnetic object. In response to an external magnetic
field, the domains may grow to millimeter size, aligning themselves in an ordered manner. This induced
magnetization can be made permanent if the material is heated and then cooled, or simply tapped in the
presence of other magnets. Sometimes, however, magnetic effects of objects are not desired, thus we remove the
magnetic effects(demagnetize) the objects. The following are the ways to demagnetize the permanent magnets:

� Exposing magnets to extreme temperatures: the temperature beyond which a ferromagnetic material loses
its magnetic property is called the Curie Temperature. It is unique for each element.

� The magnetic attraction between the magnet’s atoms gets loosen when they are hammered.

� Stroking one magnet with the other in an inappropriate manner will reduce the magnetic strength.

Summary

� When a magnet is dipped in iron filings, you can observe that the iron filings cling to the end of the
magnet as the attraction is maximum at the ends of the magnet. These ends are known as poles of the
magnets.

� Magnetic poles always exist in pairs. Thus, when a magnet is cut into two pieces, both the pieces will
have the North Pole and the South Pole.

� Whenever a magnet is suspended freely in mid-air, it always points towards north-south direction. Pole
pointing towards geographic north is known as the North Pole and the pole pointing towards geographic
south is known as the South Pole.

� Like poles repel while unlike poles attract.

� The magnetic force between two magnets is greater when the distance between these magnets is lesser.

Questions

1. What is a magnet? List its properties.

2. Does the earth have a magnet? What do you think?

3. What is the purpose of a compass? Why does it always point to the Geographic North?

4. What are magnetic poles? Does magnetic monopole exist? If you broke a magnet into two, would you
have isolated north and south poles? Explain.

5. Explain the significance of the Curie temperature.

6. Describe the source of Earth’s magnetic field.
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