Magnetic Domains
In ferromagnetic materials, smaller groups of atoms band together into areas called domains, in which all the electrons have the same magnetic orientation. That's why you can magnetize them. See how it works in this tutorial.

Electrons are teeny tiny magnets. They have a north and a south pole, too, and spin around an axis. This spinning results in a very tiny but extremely significant magnetic field. Every electron has one of two possible orientations for its axis.

In most materials, atoms are arranged in such a way that the magnetic orientation of one electron cancels out the orientation of another. Iron and other ferromagnetic substances, though, are different (ferro means iron in Latin). Their atomic makeup is such that smaller groups of atoms band together into areas called domains, in which all the electrons have the same magnetic orientation. Below is an applet that shows you how these domains respond to an outside magnetic field.

In the Ferromagnetic Material pictured above, the domains are randomly aligned (the illustration shows how this phenomenon works, not the actual size or shape of domains). Normally invisible Magnetic Field Lines, depicted in red, are seen emanating from the poles of the Bar Magnet. Use the Magnet Position slider to move the magnet closer to the ferromagnetic material so that it interacts with the field lines. As you repeat the process, you’ll notice the domains gradually aligning – with the field of the bar magnet and with each other.

By the time you’re done, the ferromagnetic material has become a permanent magnet itself, a dipole having oppositional north-south poles. A permanent magnet is nothing more than a ferromagnetic object in which all the domains are aligned in the same direction.

There are only four elements in the world that are ferromagnetic at room temperature and can become permanently magnetized: iron, nickel, cobalt and gadolinium. (A fifth element, dysprosium, becomes ferromagnetic at low temperatures.)

Ferromagnets stay magnetized after being subjected to an external magnetic field, sometimes for millions of years. This tendency to retain magnetism is called hysteresis
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Materials

Certain minerals and metals can hold a magnetic charge. These are called permanent magnets because they hold their charge without needing electricity. They are not truly permanent because they can be demagnetized by being introduced to a much stronger magnetic field.

These magnets can be made by melting the component ingredients and cooling them in the presence of a magnetic field. The stronger the magnetic field, the stronger the resulting magnet up to the limit of the material. Neodymium-iron-boron (NIB) magnets are called rare-earth magnets and are the strongest permanent magnet we know of. 

Size

The bigger the magnet is, the stronger it will be. This even applies when comparing magnets made of different materials; a huge iron magnet can still be more powerful than a tiny NIB magnet. This applies to electromagnets as well. The more wire, and the thicker the wire, the higher potential for magnetic power that the magnet has. Of course there are still other determinants of an electromagnets power.

Shape

The power of a magnet is concentrated at its poles and is diminished on the sides. Very long skinny magnets that have their poles on each end would have very little pull in the middle of one of the sides of the magnet. Furthermore, for a strong magnet, contain the most magnetic force in the smallest volume possible. This means that if one magnet were rolled out thin and flat, like paper, while another of equal mass were formed into a cube, the cube would be the stronger magnet. Although total pull would be the same for both magnets, force at any one point would differ.

Separation Distance

The absolute distance between a magnet and its object of attraction determines the amount of pull the magnet exerts. A magnet covered in a thin layer of wood would have much less pull on a piece of iron than if the bare magnet were allowed to contact the iron directly.
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If you're lost in the woods, your best chance of finding your way might be a tiny magnet.

A magnet is what makes a compass point north -- the small magnetic pin in a compass is suspended so that it can spin freely inside its casing and respond to our planet's magnetism. A compass needle aligns itself and points toward the top of Earth's magnetic field, giving explorers and lost souls a consistent sense of direction.

How it works  

 A compass points north because all magnets have two poles , a north pole and a south pole, and the north pole of one magnet is attracted to the south pole of another magnet. (You may have seen this demonstrated by a pair of simple bar magnets or refrigerator magnets pushed end to end.)

The Earth is a magnet that can interact with other magnets in this way, so the north end of a compass magnet is drawn to align with the Earth's magnetic field. Because the Earth's magnetic North Pole attracts the "north" ends of other magnets, it is technically the "South Pole" of our planet's magnetic field.

True north 

 While a compass is a great tool for navigation, it doesn't always point exactly north. This is because the Earth's magnetic North Pole is not the same as "true north," or the Earth's geographic North Pole . The magnetic North Pole lies about 1,000 miles south of true north, in Canada.

And making things even more difficult for the compass-wielding navigator, the magnetic North Pole isn't even a stationary point. As the Earth's magnetic field changes, the magnetic North Pole moves. Over the last century, it has shifted more than 620 miles (1,000 kilometers) toward Siberia, according to scientists at Oregon State University.

This difference between true north and the north heading on a compass is an angle called declination. Declination varies from place to place because the Earth's magnetic field is not uniform it dips and undulates.

These local disturbances in the field can cause a compass needle to point away from both the geographic North Pole and the magnetic North Pole. According to the United States Geological Survey, at very high latitudes , a compass needle can even point south.

By using charts of declination or local calibrations, compass users can compensate for these differences and point themselves in the right direction. 

Magnetic Fields
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Magnetic fields are different from electric fields. Although both types of fields are interconnected, they do different things. 

Magnetic fields are areas where an object exhibits a magnetic influence. The fields affect neighboring objects along things called magnetic field lines. A magnetic object can attract or push away another magnetic object. You also need to remember that magnetic forces are NOT related to gravity. The amount of gravity is based on an object's mass, while magnetic strength is based on the material that the object is made of. 
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If you place an object in a magnetic field, it will be affected, and the effect will happen along field lines. Magnetic poles are the points where the magnetic field lines begin and end. Field lines converge or come together at the poles. You have probably heard of the poles of the Earth. Those poles are places where our planets field lines come together. We call those poles north and south because that's where they're located on Earth. All magnetic objects have field lines and poles. It can be as small as an atom or as large as a star.
