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Magnets

OBJECTIVES:

12. Draw the pattern of magnetic field lines of an isolated bar magnet.

13. Draw the magnetic field pattern for the Earth.

14. Draw and annotate magnetic fields due to currents.

15. Determine the direction of the force on a current-carrying conductor in a magnetic field.

16. Define the magnitude of the magnetic field strength B.

17. Solve problems involving the magnetic force on currents.

How many types of magnets have you come across in your life? Look around the house and find out how many magnets you can spot. Probably, the obviously identifiable ones would be of the permanent magnet type. Most likely you would find them as a door catch or for sticking decoration on the refrigerator door in the kitchen. How many magnets would you find in a family car? 


The magnets illustrated here are permanent magnets, one of many types of magnets used today. Magnetism manifests itself in many forms. As a matter of fact virtually all materials, including the human body, show magnetism of one kind or another.




The pattern of magnetic field lines of an isolated bar magnet
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The magnetic field pattern for the Earth
Current Flowing Through a Conductor

Electricity and Magnetism are not seperate phenomena, they are closely linked. With electricity, there are positive and negative charges. With magnetism, there are north and south poles. Similar to charges, like magnetic poles repel each other, while unlike poles attract. 
An important difference between electricity and magnetism is that in electricity it is possible to have individual positive and negative charges. In magnetism, north and south poles are always found in pairs. Single magnetic poles, known as magnetic monopoles, have been proposed theoretically, but a magnetic monopole has never been observed. 

In the same way that electric charges create electric fields around them, north and south poles will set up magnetic fields around them. Again, there is a difference. While electric field lines begin on positive charges and end on negative charges, magnetic field lines are closed loops, extending from the south pole to the north pole and back again (or, equivalently, from the north pole to the south pole and back again). With a typical bar magnet, for example, the field goes from the north pole to the south pole outside the magnet, and back from south to north inside the magnet. 

Electric fields come from charges. So do magnetic fields, but from moving charges, or currents, which are simply a whole bunch of moving charges. In a permanent magnet, the magnetic field comes from the motion of the electrons inside the material, or, more precisely, from something called the electron spin. The electron spin is a bit like the Earth spinning on its axis. 

The magnetic field is a vector, the same way the electric field is. The electric field at a particular point is in the direction of the force a positive charge would experience if it were placed at that point. The magnetic field at a point is in the direction of the force a north pole of a magnet would experience if it were placed there. In other words, the north pole of a compass points in the direction of the magnetic field. 

One implication of this is that the magnetic south pole of the Earth is located near to the geographic north pole. This hasn't always been the case: every once in a while (a long while) something changes inside the Earth's core, and the earth's field flips direction. Even at the present time, while the Earth's magnetic field is relatively stable, the location of the magnetic poles is slowly shifting. 

When a current flows through a conductor it generates a magnetic field around the conductor. This was discovered by Han Christian Ørsted in 1820 when he noticed after giving a lecture that a current flowing though a wire deflected a compass needle, placed parallel to the wire.
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Ørsted's experiment demonstrating current produces a magnetic field

It takes quite a large current to produce a measurable effect which may account for it not being discovered before. 

The current causes a magnetic field lines around the diameter of the wire. 

Magnetic Field Lines

Magnetic Field Lines for Current in Coil of Wire (Fig. 1a)
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Curl the fingers of your right hand in the direction of the current. Your thumb points in the direction of the field along the axis of the coil.

The field at other points is tangent to the field lines which are dashed in Fig. 1a.

Magnetic Field Lines for Bar Magnet (Fig. 1b)
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Magnetic field lines leave North pole and go to South pole. The field at any point is tangent to the field line.

North pole of magnet acts like current carrying coil of wire with current in counterclockwise direction as you view that end of the coil.

Before we knew the cause of magnetism was a net flow of charge, we said a circular coil with current in counterclockwise direction as you view that end of the coil acted like a North pole.

By experiment we find that a North Pole repels another North pole or a coil with the current in a counterclockwise direction.

The simplest current we can come up with is a current flowing in a straight line, such as along a long straight wire. The magnetic field from a current-carrying wire actually wraps around the wire in circular loops, decreasing in magnitude with increasing distance from the wire. 
Measuring the Strength of a Magnetic Field 

When current flows through a conductor which is in a magnetic field, the conductor experiences a force (unless the current flows parallel to the magnetic field).
	The direction of the force is at 90° to both the current and the magnetic field.

Fleming’s left hand rule helps to remember the relation between the three directions.
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Factors affecting the Magnitude of the force
Experiments show that:

	F the current, I

	Fthe length of conductor in the field, [image: image9.jpg]





Therefore, F = (a constant).I.[image: image10.jpg]



and, if the current flows at 90° to the field, the constant is called the magnetic flux density (symbol, B).

	B is a measure of the strength of the magnetic field.
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units of B are NA-1m-1 or Teslas (T)



This is used to calculate the strength of the force on a wire of length l (meters) carrying current I (amps) in a field of force B (teslas). 

Flux density is the force per unit current per unit length acting on a conductor placed at 90° to the field.

If the conductor is placed at an angle  to the field, then the force is given by:
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