UNIVERSITY OF TRINIDAD AND TOBAGO

PHYS 110U – Physics


7.0 Magnetism 
·  Learning objectives


Permanent Magnets
1) Describe a simple activity to identify the poles of a magnetic dipole.


Magnetic Forces
2) Describe simple experiments which show that a repulsive force exists between like poles and an attractive force between unlike poles. 

3) State the effect of the separation magnets on the magnitude of the force between then.

4) Differentiate between magnetic and non magnetic materials.

5) Explain how a magnet can attract an unmagnetized object.

6) Distinguish between materials used to make “permanent” and “temporary” magnets.

7) Define a magnetic field as the region in which a magnetic force may be exerted.

8)  Map the magnetic fields

a) Around a single strong magnet

b) Around and between two strong magnets

9) Recall that a magnetic field line indicates the direction of the magnetic force acting on an N-pole

10) Draw simple diagrams to show how permanent magnets can be used to create a uniform magnetic field over a small region.
____________________________________________________________________

7.1 Permanent Magnets 

What is magnetism?
Just like when the Greeks of the old times discovered the first naturally occurring magnetic stones, or natural magnets, you have been observing a property of matter called magnetism. Magnetism is the force of attraction or repulsion in a material. Certain materials such as iron, steel, nickel, or magnetite exhibit this force while most other materials do not.

What is a magnet?
A magnet is any piece of iron, steel, or magnetite that has the property of attracting iron or steel. Magnetite, also known as lodestone, is a naturally occurring rock that is a magnet. This natural magnet was first discovered in a region known as magnesia and was named after the area in which it was discovered. Magnetism may be naturally present in a material or the material may be artificially magnetized by various methods. Magnets may be permanent or temporary. After being magnetized, a permanent magnet will retain the properties of magnetism indefinitely. A temporary magnet is a magnet made of soft iron that is usually easy to magnetize; however, temporary magnets lose most of their magnetic properties when the magnetizing cause is discontinued. Permanent magnets are usually more difficult to magnetize, but they remain magnetized. Materials which can be magnetized are called ferromagnetic materials. We will talk more about making a magnet later on.
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The phenomenon of magnetism is "mediated" by the magnetic field -- i.e., an electric current or magnetic dipole creates a magnetic field, and that field, in turn, imparts magnetic forces on other particles that are in the fields.

A very common source of magnetic field shown in nature is a dipole, with a "South pole" and a "North pole"; terms dating back to the use of magnets as compasses, interacting with the Earth's magnetic field to indicate North and South on the globe. Since opposite ends of magnets are attracted, the north pole of a magnet is attracted to the south pole of another magnet. Interestingly, this concept of opposite polaraties attracting wasn't used in the naming convention for the earth's magnetic field, so the earth's magnetic north pole (in Canada) attracts the magnetic north pole of a compass.
A magnetic field contains energy, and physical systems move toward configurations with lower energy. Therefore, when placed in a magnetic field, a magnetic dipole tends to align itself in opposed polarity to that field, thereby canceling the net field strength as much as possible and lowering the energy stored in that field to a minimum. For instance, two identical bar magnets placed side-to-side normally line up North to South, resulting in a much smaller net magnetic field, and resist any attempts to reorient them to point in the same direction. The energy required to reorient them in that configuration is then stored in the resulting magnetic field, which is double the strength of the field of each individual magnet. (This is, of course, why a magnet used as a compass interacts with the Earth's magnetic field to indicate North and South).
7.2 Opposites Attract 





7.3 Magnetic Forces
What is the effect of the separation of magnets on the magnitude of the force between them? 

________________________________________________________________________________________________________________________________________________________________________________________________________________________

What will happen if a compass is placed further an d further away from a magnet?

________________________________________________________________________________________________________________________________________________________________________________________________________________________
7.4 Magnetic and Non-Magnetic Materials

Magnetic materials encompass a wide variety of materials, which are used in a diverse range of applications. Magnetic materials are utilised in the creation and distribution of electricity, and, in most cases, in the appliances that use that electricity. They are used for the storage of data on audio and video tape as well as on computer disks. In the world of medicine, they are used in body scanners as well as a range of applications where they are attached to or implanted into the body. The home entertainment market relies on magnetic materials in applications such as PCs, CD players, televisions, games consoles and loud speakers. 
It is difficult to imagine a world without magnetic materials and they are becoming more important in the development of modern society. The need for efficient generation and use of electricity is dependent on improved magnetic materials and designs. Non-polluting electric vehicles will rely on efficient motors utilising advanced magnetic materials. The telecommunications industry is always striving for faster data transmission and miniaturisation of devices, both of which require development of improved magnetic materials.
Magnetic materials are classified in terms of their magnetic properties and their uses. If a material is easily magnetised and demagnetised then it is referred to as a soft magnetic material, whereas if it is difficult to demagnetise then it is referred to as a hard (or permanent) magnetic material. Materials in between hard and soft are almost exclusively used as recording media and have no other general term to describe them. Other classifications for types of magnetic materials are subsets of soft or hard materials, such as magnetostrictive and magnetoresistive materials.

Hard magnets, also referred to as permanent magnets, are magnetic materials that retain their magnetism after being magnetised. Practically, this means materials that have an intrinsic coercivity of greater than ~10kAm-1. It is believed that permanent magnets have been used for compasses by the Chinese since ~2500BC. However, it was only in the early twentieth century that high carbon steels and then tungsten / chromium containing steels replaced lodestone as the best available permanent magnet material. These magnets were permanent magnets due to the pinning of domain walls by dislocations and inclusions. The movement of dislocations within a material is often hindered by the same factors that effect the motion of domain walls and as a consequence these steels are mechanically very hard and are the origin of the term hard magnetic. These magnets had an energy product of approximately 8kJm-3.
Alnicos
Hard Ferrites
SmCo Type
NdFeB Type

Soft magnetic materials are those materials that are easily magnetised and demagnetised. They typically have intrinsic coercivity less than 1000 Am-1. They are used primarily to enhance and/or channel the flux produced by an electric current. The main parameter, often used as a figure of merit for soft magnetic materials, is the relative permeability ( mr, where mr = B/moH), which is a measure of how readily the material responds to the applied magnetic field. The other main parameters of interest are the coercivity, the saturation magnetisation and the electrical conductivity.

The types of applications for soft magnetic materials fall into two main categories: AC and DC. In DC applications the material is magnetised in order to perform an operation and then demagnetised at the conclusion of the operation, e.g. an electromagnet on a crane at a scrap yard will be switched on to attract the scrap steel and then switched off to drop the steel. In AC applications the material will be continuously cycled from being magnetised in one direction to the other, throughout the period of operation, e.g. a power supply transformer. A high permeability will be desirable for each type of application but the significance of the other properties varies.
Iron-Silicon Alloys
Amorphous & Nano-Crystalline Alloys
Nickel-Iron Alloys
Soft Ferrites
7.5 What is the reason behind the attraction of a magnet with the magnetic substances?

The magnetic substances contain a large number of magnetic domains which are oriented randomly in all directions so there is no magnetic effect. When the magnet is brought nearer to the magnetic substance then the magnetic field of the magnet causes alignment of domains of magnetic substance along the magnetic field so that the magnetic substance becomes temporary magnet. During this process, the south & north pole of temporary magnet lies close to North & South Pole of permanent magnet respectively. As unlike poles attract each other. Hence, this is the reason behind the attraction of a magnet with the magnetic substances.

7.6 Permanent Magnets & Temporary Magnets 
Permanent magnets are those we are most familiar with, such as the magnets hanging onto our refrigerator doors.  They are permanent in the sense that once they are magnetized, they retain a level of magnetism.  As we will see, different types of permanent magnets have different characteristics or properties concerning how easily they can be demagnetized, how strong they can be, how their strength varies with temperature, and so on.
Examples : _____________________________________________________________
Temporary Magnets are those which act like a permanent magnet when they are within a strong magnetic field, but lose their magnetism when the magnetic field disappears.  Examples would be paperclips and nails and other soft iron items.

Examples: _______________________________________________________________
7.7 Define the magnetic field, B
A magnetic field is a field that permeates space and which can exert a magnetic force on moving electric charges and on magnetic dipoles (such as permanent magnets). When placed in a magnetic field, magnetic dipoles tend to align their axes to be parallel with the magnetic field, as can be seen when iron filings are in the presence of a magnet (see picture at right). In addition, a changing magnetic field can induce an electric field. Magnetic fields surround and are created by electric currents, magnetic dipoles, and changing electric fields. Magnetic fields also have their own energy, with an energy density proportional to the square of the field intensity.
The magnetic field [image: image1.png]


 has the SI units of teslas (T), equivalent to webers (Wb) per square meter or volt seconds per square meter.

7.8 Mapping magnetic fields 
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Mapping of the magnetic fields around a single strong magnet.

Mapping of the magnetic fields around and between two strong magnets.
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Left: Magnetic field lines between two attracting magnets 

Right: Magnetic field lines between two repelling magnets

7.9 North Poles and South Poles 

The Earth does not contain a giant bar magnet, but it behaves as if it does. The Earth has a magnetic north pole and a magnetic south pole. Compasses work because bar magnets can line up in the Earth's magnetic field and point north. Make sure you understand these things: 

· the north pole of a bar magnet is actually called the 'north-seeking pole', and it points to the Earth's magnetic north pole; 
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the south pole of a bar magnet is actually called the 'south-seeking pole', and it points to the Earth's magnetic south pole. 

Compasses point towards the Earth's magnetic north pole


Small compasses called plotting compasses can be used to show the magnetic field around a bar magnet, instead of using iron filings. The needle in each compass turns and lines up along the field lines. 
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A line of plotting compasses follows a field line


If we arrange some plotting compasses around a bar magnet, we see that the needles point away from the magnet's north pole and towards its south pole. 
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Plotting compasses in a circle

When you do this experiment, it is important to keep iron or steel objects away, otherwise the compass needles might point to them instead.
7.10 Halbach Array 

A Halbach array is a unique arrangement of permanent magnets used to achieve a fairly uniform magnetic field within a volume of space, similar to the idea behind the Helmholtz coils assembly.  It can also be an arrangement of permanent magnets used to achieve a stronger field on one side than the other, often found in ferrous metal collectors.
Compare the following.
[image: image11.png]


[image: image12.png]South - North





[image: image13.png]


The diagram on the left is for reference.  The arrow within the magnet points to the North pole of the magnet, since this is the direction the magnetic field flows within the magnet.  The diagram on the right shows what the magnetic field would look like.
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The diagram on the left shows the arrangement of five permanent magnets.  The diagram on the right shows the field that this arrangement will create.  Notice how the field is much stronger on the top of the assembly than on the bottom of it?
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The diagram on the left shows the arrangement of eight permanent magnets in an octagon.  The diagram on the right shows the field that this arrangement will create.  Notice how uniform the field is within the assembly (all of the field lines are just about equally spaced apart), and how weak the field is outside of the assembly.  
________________________________________________________________________
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