Lesson 10
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Electromagnetism 
Upon completion of this unit you will be able to:
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Outcomes
	· Describe types of magnets and magnetic fields.
· Describe the magnetic effect of a current.
· Describe the principle of operation of electromagnets.
· Explain electro-magnetic induction and transformers.
· Define Lenz’s and Faraday’s law.
· Explain the generator and the motor principles.
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Types of Magnets
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A "hard" or "permanent" magnet is one which stays magnetized for a long time, such as magnets often used in refrigerator doors. Permanent magnets occur naturally in some rocks, particularly lodestone, but are now more commonly manufactured. 
· A "soft" or "impermanent" magnet is one which loses its memory of previous magnetizations. "Soft" magnetic materials are often used in electromagnets to enhance (often hundreds or thousands of times) the magnetic field of a wire that carries an electrical current and is wrapped around the magnet; the field of the "soft" magnet increases with the current.

Two measures of a material's magnetic properties are its magnetic moment and its magnetization. A material without a permanent magnetic moment can, in the presence of magnetic fields, be attracted (paramagnetic), or repelled (diamagnetic). Liquid oxygen is paramagnetic; graphite is diamagnetic. Paramagnets tend to intensify the magnetic field in their vicinity, whereas diamagnets tend to weaken it. "Soft" magnets, which are strongly attracted to magnetic fields, can be thought of as strongly paramagnetic; superconductors, which are strongly repelled by magnetic fields, can be thought of as strongly diamagnetic
Magnetic Field due to an eloectric current
In physics, the magnetic field is a field that permeates space and which exerts a magnetic force on moving electric charges and magnetic dipoles. Magnetic fields surround electric currents, magnetic dipoles, and changing electric fields.


Fig. 1 Field pattern produced by placing iron fillings in the vicinity of a magnet

When placed in a magnetic field, magnetic dipoles align their axes to be parallel with the field lines, as can be seen when iron filings are in the presence of a magnet (Fig.1). Magnetic fields also have their own energy and momentum, with an energy density proportional to the square of the field intensity. The magnetic field is measured in the units of Teslas (SI units).

Magnetic field

A magnetic field consists of imaginary lines of flux coming from moving or spinning electrically charged particles. Examples include the spin of a proton and the motion of electrons through a wire in an electric circuit. What a magnetic field actually consists of is somewhat of a mystery, but we do know it is a special property of space.

Names of poles

The lines of magnetic flux flow from one end of the object to the other. By convention, we call one end of a magnetic object the N or North-seeking pole and the other the S or South-seeking pole, as related to the Earth's North and South magnetic poles. The magnetic flux is defined as moving from N to S.

Magnets

Although individual particles such as electrons can have magnetic fields, larger objects such as a piece of iron can also have a magnetic field, as a sum of the fields of its particles. If a larger object exhibits a sufficiently great magnetic field, it is called a magnet.
Magnetic force

The magnetic field of an object can create a magnetic force on other objects with magnetic fields. That force is what we call magnetism.

When a magnetic field is applied to a moving electric charge, such as a moving proton or the electrical current in a wire, the force on the charge is called a Lorentz force.

Attraction

When two magnets or magnetic objects are close to each other, there is a force that attracts the poles together.

Force attracts N to S

Magnets also strongly attract ferromagnetic materials such as iron, nickel and cobalt.

Repulsion

When two magnetic objects have like poles facing each other, the magnetic force pushes them apart.
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Force pushes magnetic objects apart
Magnetic and electric fields

The magnetic and electric fields are both similar and different. They are also inter-related.

Electric charges and magnetism similar

Just as the positive (+) and negative (-) electrical charges attract each other, the N and S poles of a magnet attract each other.

In electricity like charges repel, and in magnetism like poles repel.

Electric charges and magnetism different

The magnetic field is a dipole field. That means that every magnet must have two poles.

On the other hand, a positive (+) or negative (-) electrical charge can stand alone. Electrical charges are called monopoles, since they can exist without the opposite charge.

In conclusion

Magnetism is a force that acts at a distance and is caused by a magnetic field. The magnetic force strongly attracts an opposite pole of another magnet and repels a like pole. The magnetic field is both similar and different than an electric field.

1. What does the movement of an electric charge cause?
Top of Form

The movement of a magnetic charge

An electron or proton

A magnetic field

Bottom of Form

2. What happens when two objects with magnetic fields are brought near each other?
Top of Form

A magnetic force either causes attraction or repulsion

A magnetic force will cause electrical charges

The objects will become magnets

Bottom of Form

3. Is a magnet a dipole or monopole?
Top of Form

Monopole, because it is one magnet

Dipole, because it has two poles

It depends if the poles are like or different

Bottom of Form

How electromagnetism works

When electricity passed through a wire, a magnetic field is created around the wire. Looping the wire increases the magnetic field. Adding an iron core greatly increases the effect and creates an electromagnet. You can create an electromagnet without the iron core. That is usually called a solenoid.

Magnetic field

When DC electricity is passed through a wire, a magnetic field rotates around the wire in a specific direction.
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Magnetic field rotating around wire

Compass can show field

Connecting a wire to a battery and placing a compass near the wire can demonstrate a magnetic field. When the current is turned on, the compass-needle will move. If you reverse the direction of the current, the needle will move in the opposite direction.

Right hand rule

To find the direction the magnetic field is going, you can use the "right-hand rule" to determine it. If you take your right hand and wrap it around the wire, with your thumb pointing in the direction of the electrical current (positive to negative), then your fingers are pointing in the direction of the magnetic field around the wire. Try it with the picture above.

Wire in a coil

Wrapping the wire in a coil concentrates and increases the magnetic field, because the additive effect of each turn of the wire.
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Coiled wire increases magnetic field

A coil of wire used to create a magnetic field is called a solenoid.

Iron core

Wrapping the wire around an iron core greatly increases the magnetic field. If you put a nail in the coil in the drawing above, it would result in an electromagnet with the  north seeking pole on the "N" side.

Using AC electricity

If AC electricity is used, the electromagnet has the same properties of a magnet, except that the polarity reverses with the AC cycle.

Note that it is not a good idea to try to make an AC electromagnet. This is because of the high voltage in house current. Using a wire around a nail would result in a blown fuse in the AC circuit box. There is also the potential of an electric shock.

Strength of electromagnetic field

The strength of the electromagnetic field is determined by the amount of current, number of coils of wire, and the distance from the wire.

Unit

The unit of magnetic force is called the tesla (T). Near a strong magnet the force is 1-T. Another unit used is the gauss, where 104 gauss (10,000) equals 1 tesla.

Current

The strength of the magnetic field is proportional to the current in the wire. If you double the current, the magnetic force is doubled.

Since Voltage = Current x Resistance (V = I*R), you can double the current in a wire by doubling the voltage of the source of electricity.

Turns of coil

If you wrap the wire into a coil, you increase the magnetic force inside the coil, proportional to the number of turns. In other words, a coil consisting of 10 loops has 10 times the magnetic force as a single wire with the same current flowing through it. Likewise, a coil of 20 loops has 2 times the magnetic force than one with 10 loops.

Varies with distance

The magnetic force decreases with distance. It varies inversely proportional to the square of the distance. For example the force at 2 cm. from a wire is 1/4 that of at 1 cm., and the force at 3 cm. is 1/9 the force at 1 cm.

Effect of iron core

When the coil is wrapped around an iron core, the strength of the electromagnetic field is much greater than the same coil without the iron core. This is because the atoms in the iron line up to amplify the magnetic effect. The orientation of the atoms in the iron is called its domain.

Current

When you increase the current, the magnetic strength increases, but it is not exactly linear as it is with the coil by itself. The characteristics of the core cause the curve of magnetic strength versus current to be an s-shaped hysteresis curve.

The shape of this curve depends on how well the material in the core becomes magnetized and how long it remains magnetized. Soft iron loses its magnetism readily, while hard steel tends to retain its magnetism.

In conclusion

By wrapping a wire around an iron core and applying an electric current through the wire, you create an electromagnet. This device is magnetic only when the current is flowing. The iron core greatly increases the magnetic strength.

1. If you doubled the number of coils and doubled the voltage, what would be the increase in magnetic strength?
Top of Form

It would remain the same, since 2 / 2 = 1

It would be 4 times as strong, since 2 x 2 = 4

You can't increase magnetism by increasing the voltage

Bottom of Form

2. Why should the wire around the iron core be insulated?
Top of Form

So that you don't create a short circuit

To keep the iron from getting too warm

To insulate the magnetism
Bottom of Form

3. Why does an iron core increase the magnetic field of a coil of wire?
Top of Form

The iron atoms line up to add to the magnetic field

Iron attracts things, including magnetic fields

The iron core actually decreases the field, allowing it to be turned offBottom of Form
Magnetic flux and flux density 

Magnetic flux is the amount of magnetic field (or the number of lines of force) produced by a magnetic source. The symbol for magnetic flux is Ф (Greek letter 'phi'). The unit of magnetic flux is the weber, Wb. 

Magnetic flux density is the amount of flux passing through a defined area that is perpendicular to the direction of the flux: 

Magnetic flux density =     magnetic flux

                                                                        area

The symbol for magnetic flux density is B. The unit of magnetic flux density is the tesla, T, where l T = I Wb/m2

Hence 

                              Where A( m2) is the Area

 Problem 1. A magnetic pole face has a rectangular section having dimensions 200 mm by 100 mm. If the total flux emerging from the pole is l50 μ Wb, calculate the flux density. 

Flux, Ф= 150 μ Wb = 150 x 10-6 Wb, and cross sectional area, 

A = 200 x 100 = 20000 mm2 = 20000 x 10 -6 m2
B =    Ф      =     150 X 10-6      =     0.0075 T or 7.5 mT
         A            20 000 X 10-6 

Problem 2. The maximum working flux density of a lifting electromagnet is 1.8 T and the effective area of a pole face is circular in cross-section. If the total magnetic flux produced is 353 mWb, determine the radius of the pole face. 

Flux density  B = 1.8 T and 

Flux,  Ф   =353 mWb = 353 x 10-3 Wb.

Since   B =    Ф  , The cross-sectional area 

                     A     

A = _Ф_  = 
335  X 10-3     
=   0.1961m2   
                     B                 1.8
The pole face is circular, hence area = π r2 , where r  is the radius.

Hence  π r2  = 0.1961, from which,

r 2  =    0.1961 /  π 

            r    =   √ 0.1961 / π     = 0.250 m
Further problems on magnetic circuits 

1. What is the flux density in a magnetic field of cross​-sectional area 20 cm2 having a flux of 3 m Wb? 

2. Determine the total flux emerging from a magnetic pole face having dimensions 5 cm by 6 cm, if the flux density is 0.9 T. 

3. The maximum working flux density of a lifting elec​tromagnet is 1.9 T and the effective area of a pole face is circular in cross-section. If the total magnetic flux produced is 611 mWb determine the radius of the pole face. 

4. An electromagnet of square cross-section produces a flux density of 0.45 T. If the magnetic flux is 720 μWb find the dimensions of the electromagnet cross-section.
FARADAY'S LAW

(i) An induced e.m.f. is set up whenever the magnetic field linking that circuit changes.
(ii) Faraday`s law say's that the induced e.m.f. in a conductor moving through a magnetic field will be proportional to the rate of cutting flux. (the area of flux moved through.) 
E = - d Q / d t
LENZ'S LAW
Lenz's law states 

The direction of an induced e.m.f is always such that it tends to set up a current opposing the motion or the change of flux responsible for inducing the e.m.f. 

An alternative method of Lenz’s law of determining relative directions is given by Fleming's right hand rule (for generators) shows the direction of induced current flow when a conductor moves in a magnetic field.

The right hand is held with the thumb, first finger and second finger mutually at right angles, as shown in the diagram.
· The Thumb represents the direction of Motion of the conductor. 

· The First finger represents the direction of the Field. 

· The Second finger represents the direction of the induced or generated Current (in the classical direction, from positive to negative). 


There is also a Fleming's left hand rule (for electric motors). The appropriately-handed rule can be recalled from the letter "g", which is in "right" and "generator".

Electromagnets and Motors

To understand how an electric motor works, the key is to understand how the electromagnet works. 

An electromagnet is the basis of an electric motor. You can understand how things work in the motor by imagining the following scenario. Say that you created a simple electromagnet by wrapping 100 loops of wire around a nail and connecting it to a battery. The nail would become a magnet and have a north and south pole while the battery is connected. 

Now say that you take your nail electromagnet, run an axle through the middle of it and suspend it in the middle of a horseshoe magnet as shown in the figure below. If you were to attach a battery to the electromagnet so that the north end of the nail appeared as shown, the basic law of magnetism tells you what would happen: The north end of the electromagnet would be repelled from the north end of the horseshoe magnet and attracted to the south end of the horseshoe magnet. The south end of the electromagnet would be repelled in a similar way. The nail would move about half a turn and then stop in the position shown. 
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Electromagnet in a horseshoe magnet


You can see that this half-turn of motion is simply due to the way magnets naturally attract and repel one another. The key to an electric motor is to then go one step further so that, at the moment that this half-turn of motion completes, the field of the electromagnet flips. The flip causes the electromagnet to complete another half-turn of motion. You flip the magnetic field just by changing the direction of the electrons flowing in the wire (you do that by flipping the battery over). If the field of the electromagnet were flipped at precisely the right moment at the end of each half-turn of motion, the electric motor would spin freely. 
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