HSC Review Notes  ©Martin Edwards 2005


Motors and Generators Review

define torque as the turning moment of a force using:
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define magnetic field strength B as magnetic flux density

define torque as __________________________________________________

________________________________________________________________

________________________________________________________________

Formula:

define magnetic field strength B as __________________________________________________

________________________________________________________________

________________________________________________________________

Formula:

identify that the motor effect is due to the force acting on a current-carrying conductor in a magnetic field

identify that the required magnetic fields in DC motors can be produced either by current-carrying coils or permanent magnets

identify the relationship between the ratio of the number of turns in the primary and secondary coils and the ratio of primary to secondary voltage
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identify some of the energy transfers and transformations involving the conversion of electrical energy into more useful forms in the home and industry, such as:

electrical energy to kinetic energy in a motor e.g. washing machine, drill, fan

electrical energy to light energy in a globe or TV

electrical energy to heat energy in an electric heater, hot water system, stove

electrical energy to sound energy in a radio, CD player

Identify that the motor effect is due to _________________________________

________________________________________________________________

________________________________________________________________

Identify that the required magnetic fields in DC motors can be produced either 

by______________________________________________________________

________________________________________________________________

Identify the relationship between the ratio of the number of turns in the primary and secondary coils and the ratio of primary to secondary voltage

________________________________________________________________

________________________________________________________________

Identify some of the energy transfers and transformations involving the conversion of electrical energy into more useful forms in the home and industry, such as:

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

Electric Motor:

A device that transforms electrical energy in to mechanical energy.

Motor effect:

The action of a force experienced by a current-carrying conductor in an external magnetic field.

Galvanometer:

A device used to measure the magnitude and direction of small DC currents.

Magnetic flux density:

The magnetic field strength. Magnetic flux per unit area.

Lenz's Law:

An induced emf always gives rise to a current that creates a magnetic field that opposes the original change in flux through the circuit.

Back emf:

An electromagnetic force that opposes the main current flow in a circuit.

Eddy currents:

A whirling current induced in a conductor when it is subject to a changing flux.

Induction cooktops:

The use of an induction coil beneath a ceramic top plate to create a rapidly changing magnetic field. This induces eddy currents in the metal of the saucepan that is placed on the top plate.

Electromagnetic braking:

The use of electromagnets to create an external magnetic field through which a conducting disk rotates. This sets up eddy currents in the disk which experience a force opposite to the rotation of the wheel, slowing it.

Generator:

A device that transforms mechanical energy in to electrical energy.

Transformer:

A magnetic circuit with two multi-turn coils wound onto a common core.

Conservation of energy:

Energy cannot be created nor destroyed but can be transformed from one form to another.

Sub-stations:

A part of the electrical distribution system where voltage is transformed up or down for transmission as required.

AC induction motor:

An AC machine in which torque is produced by the interaction of a rotating magnetic field produced by the stator and currents induced in the rotor.

Motor effect:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Galvanometer:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Magnetic flux density:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Lenz's Law:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Back emf:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Eddy currents:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Induction cooktops:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Electromagnetic braking:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Transformer:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Conservation of energy:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

Sub-stations:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

AC induction motor:

Definition:___________________________________________________________

____________________________________________________________________

____________________________________________________________________

outline Michael Faraday’s discovery of the generation of an electric current by a moving magnet

describe qualitatively and quantitatively the force between long parallel current-carrying conductors:
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describe the forces experienced by a current-carrying loop in a magnetic field and describe the net result of the forces

identify data sources, gather and process information to qualitatively describe the application of the motor effect in:

–
the galvanometer

–      the loudspeaker

describe the main features of a DC electric motor and the role of each feature

describe the concept of magnetic flux in terms of magnetic flux density and surface area

describe generated potential difference as the rate of change of magnetic flux through a circuit

describe the main components of a generator

describe the differences between AC and DC generators

describe the purpose of transformers in electrical circuits

describe the main features  of an AC electric motor

Describe the application of the motor effect in:

–    the galvanometer

–    the loudspeaker                                                      (10 marks)

The motor effect is the action of a force experienced by a current-carrying conductor in an external magnetic field. 

The right-hand palm rule shows that conventional current in the direction of the thumb in a magnetic field which has direction from the hand along the fingers will cause a force in a direction perpendicular to and out from the palm of the hand.

This is evident in a galvanometer, which is a device used to measure the magnitude and direction of small DC currents. 

The meter consists of a current carrying coil on an armature that rotates on an axle attached to a pointer. 

The coil is positioned in a magnetic field and when current flows through the coil the sides of the coil perpendicular to the field experience opposite forces and cause the coil to turn, moving the pointer across a scale.  

This force is opposed by a return spring or a counter-weight.

A loudspeaker is a device to convert electrical energy into sound energy by causing the movement of a speaker cone. 

The cone is attached to a current-carrying coil that is positioned in a radial magnetic field. 

When current flows through the coil it experiences forces forwards and backwards (because it is a current-carrying conductor in a magnetic field) which vibrate the speaker cone and cause sound to be produced through vibration of air molecules.

Describe the main features of a DC electric motor and the role of each feature   (6 marks)

The magnets provide the external magnetic field. They are stationary and are known as the stator.
The coil, armature and axle rotate and are known as the rotor. 

The coil consists of turns of conducting wire and is wrapped around the armature. 

The armature is attached to the axle which is free to rotate.

The coil is connected to a split ring commutator. The split ring commutator is a metal ring with two opposite slots and allows the current to be changed every half cycle, hence the torque is always in the same direction. 

Stationary brushes maintain contact, except at the slots, with the rotating split ring as it rotates and deliver the current supplied by the source of emf which is connected to the circuit.

Outline Michael Faraday’s discovery of the generation of an electric current by a moving magnet (6 marks)

Faraday wanted to see if the magnetic field from one coil would set up a current in another.
He wound coils of wire around wood and attached a battery (PRIMARY COIL). Then he wound another circuit of coils  which was attached to a galvanometer (SECONDARY COIL)

He noticed that a temporary current registered when the battery was switched on or off but no current registered while the battery was left on. THE GALVANOMETER MOVED IN OPPOSITE DIRECTIONS FOR OFF AND ON. When he placed a needle in a secondary coil, he found that the needle became magnetised. His experiment with coils on opposite sides of an iron ring produce even more noticeable currents when switching off and on. 

He concluded that WHEN THE MAGNETIC FIELD OF THE PRIMARY COIL IS CHANGING, A CURRENT IS INDUCED IN THE SECONDARY. 

Faraday also showed that when a magnet was moved near a coil, an electric current was set up in the coil. 

Opposite poles produced opposite currents, opposite movement directions produced opposite currents and faster movements produced larger currents.

Faraday's Law: "The induced emf in a circuit is equal in magnitude to the rate at which the magnetic flux through the circuit is changing with time".

Describe the concept of magnetic flux in terms of magnetic flux density and surface area 

(4 marks)

Magnetic flux, F, is the amount of magnetic field that passes through an area.
‘Magnetic flux density’ or the amount of flux per unit area is the magnetic field strength, B.
So if the same number of field lines pass through a smaller area, the magnetic field is stronger.
i.e. the closer (more dense) the field lines are, the stronger the magnetic field is. 

We can get a value for flux by multiplying this field strength by the area.

Describe the main components of a generator   (6 marks)

The generator is a device which converts mechanical kinetic energy into electrical energy. 

It consists of conducting coils which are in relative motion to a magnetic field. 

The coils may be part of the rotor, connected to an external circuit by a commutator, and the magnetic field may be stationary. Conversely, the coils may be stationary and current induced by a rotating magnetic field. 

The relative motion between the coils and magnetic field causes a current to be induced in the coils which is then supplied to an external circuit.

The terminals of the generator can be connected to an external load which requires power, such as a light globe, a pump, a town or a vast grid.

The mechanical input may be from burning fossil fuels, using nuclear reactions, moving water, wind or other source to turn the turbine.

Describe the main features of an AC electric motor   (5 marks)

An AC electric motor is a device that converts alternating current electrical energy into mechanical kinetic energy.

Induction motor: 

Faraday's Law: "The induced emf in a circuit is equal in magnitude to the rate at which the magnetic flux through the circuit is changing with time".

The stator (consisting of electromagnets) produces the changing magnetic field which provides the torque for the motor.

The rotor is cylindrical, consisting of conducting bars attached to end rings, and makes one revolution for each cycle of alternating current. 

The rotor and the stator have a laminated ferromagnetic core to strengthen the magnetic field.

The rotor axle is mounted on bearing and may be attached to a gearbox, for variable output speed, and a fan.

(Another type of AC motor may be like a DC motor but using slip rings instead of a commutator - this is not covered in this solution)

Describe the application of the motor effect in:

–
the galvanometer

–      the loudspeaker                     (10 marks)
___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

Describe the main features of a DC electric motor and the role of each feature

(6 marks)

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

Outline Michael Faraday’s discovery of the generation of an electric current by a moving magnet  (6 marks)

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

Describe the concept of magnetic flux in terms of magnetic flux density and surface area (4 marks)
___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

Describe the main components of a generator  (6 marks)

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

Describe the main features of an AC electric motor (5 marks)

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

explain that, in electric motors, back emf opposes the supply emf

explain the production of eddy currents in terms of Lenz’s Law

gather, analyse and present information to explain how induction is used in cooktops in electric ranges

explain why voltage transformations are related to conservation of energy

explain the role of transformers in electricity sub-stations

Explain the production of eddy currents in terms of Lenz’s Law

An eddy current is a whirling current induced in a conductor when it is subject to a changing flux.

Lenz's Law states that an induced emf always gives rise to a current that creates a magnetic field that opposes the original change in flux through the circuit.

So if a conducting material is subjected to a change in flux an emf will be induced that gives rise to a current in the material (eddy currents). 

The magnetic fields set up by eddy currents oppose the change in flux that is occurring in that region of the conductor.
Explain how induction is used in cooktops in electric ranges

Electromagnetic induction is the process whereby electric current or emf can be generated through the use of a magnetic field.

Faraday's Law: "The induced emf in a circuit is equal in magnitude to the rate at which the magnetic flux through the circuit is changing with time".

Induction cooktops use this principle to heat the metal in saucepans or other conducting containers.

An induction coil lies beneath a ceramic cooktop upon which rests the metal saucepan.

The induction coil produces a rapidly changing magnetic field which induces eddy currents in the metal saucepan. Eddy currents encounter resistance in the metal (electrons colliding with atoms) which causes it to heat up and this heat is transferred into the food in the saucepan.

Induction cooking is efficient because heat is not lost from a hotplate to the air, it is produced in the saucepan itself.

Explain the role of transformers in electricity sub-stations

A transformer is a magnetic circuit with two multi-turn coils wound onto a common core. Transformers can increase voltage (step-up) or decrease voltage (step-down).

A substation is part of the electrical distribution system where voltage is transformed up or down for transmission as required. If electricity is to be sent over a long distance the voltage will be stepped up to reduce current and reduce heat losses.

If the electricity close to a point of usage, the voltage is likely to be stepped down for safe distribution to industrial or domestic applications in lighting, heating, machinery or appliances.

Explain the production of eddy currents in terms of Lenz’s Law

___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
Explain how induction is used in cooktops in electric ranges

___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
Explain the role of transformers in electricity sub-stations

___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
discuss the effect on the magnitude of the force on a current-carrying conductor of variations in:

–
the strength of the magnetic field in which it is located

–
the magnitude of the current in the conductor

–
the length of the conductor in the external magnetic field

–
the angle between the direction of the external magnetic field and the direction of the length of the conductor

discuss the energy losses that occur as energy is fed through transmission lines from the generator to the consumer

discuss why some electrical appliances in the home that are connected to the mains domestic power supply use a transformer

discuss the impact of the development of transformers on society

gather secondary information to discuss advantages/disadvantages of AC and DC generators and relate these to their use 

gather, analyse and use available evidence to discuss how difficulties of heating caused by eddy currents in transformers may be overcome 

gather and analyse secondary information to discuss the need for transformers in the transfer of electrical energy from a power station to its point of use 

Discuss the effect on the magnitude of the force on a current-carrying

conductor of variations in the strength of the magnetic field in which it is located and variations in the magnitude of current in the conductor
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Discuss the effect on the magnitude of the force on a current-carrying conductor of variations in the angle between the direction of the external magnetic field and the direction of the length of the conductor

The force acting on a current-carrying conductor in a magnetic field produces the motor effect.
The force, F, on a conductor length l, carrying a current I in a magnetic field of strength B can be calculated using the formula
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 where  is the angle between the magnetic field and the conductor

So the force is directly proportional to the sine of the angle between the magnetic field and the conductor.

This means that when the conductor is parallel to the field, the angle is zero and sin  is zero so there is no force.

The force increases as the angle increases, reaching a maximum when the angle = 90o, i.e. sin  = 1  and F=BIl. So force is a maximum when the conductor is perpendicular to the magnetic field.

Discuss the energy losses that occur as energy is fed through transmission lines from the generator to the consumer

There is usually a substantial distance from power stations to the cities where the

power is used. There are energy losses (mainly as heat) across these distances.


Transmission lines have resistance                                             

where 
  = resistivity of wire

           
l = length of wire

      
A = cross-sectional area

SO the LONGER A certain type of WIRE is, the GREATER the RESISTANCE.


Using Ohm’s Law, if they carry current then there is a voltage drop across them. 
SO FOR A GIVEN VALUE OF CURRENT FLOWING, MORE RESISTANCE MEANS MORE VOLTAGE DROP, WHICH MEANS LESS VOLTAGE AVAILABLE AT THE END OF THE LINE.


And POWER LOST, 
where 
V = voltage drop across lines

           
I = current in lines

      
R = total resistance of lines

To reduce this lost energy and ensure that there is adequate voltage still available after transmission across large distances, voltage is ‘stepped up’ to a higher voltage (using a transformer) prior to transmission.
If a power station generates 200 kW of power at 400 V, I = P/V = 200000/400= 500 A

If the transmission lines  R = 0.5 , Power loss = P = I2R = 5002  x  0.5 = 125000 W

What if the voltage is stepped up to 2000 V  before transmission?

If a power station generates 200 kW  at 2000 V,   I = P/V = 200000/2000= 100 A

If the transmission lines have R = 0.5 , Power loss = P = I2R = 1002  x  0.5 = 5000 W

A lot less power loss!

The above examples indicate the importance of transformers. They enable electricity to be distributed across large distances without wasting as much energy. This means that locations of cities are not restricted to locations of coal mines, hydroelectricity etc. and that power station pollution is not dumped on nearby cities.
Voltages are then stepped down at substations and pole transformers for domestic use.
Discuss how difficulties of heating caused by eddy currents in transformers may be overcome.

From NSW HSC On-line:

“Sample discussion: 

A transformer has an iron core to concentrate the magnetic field to achieve the maximum possible inductive coupling between the primary and secondary coils. As the changing flux intersects the core, eddy currents are induced in the iron. Heating occurs because of the rather high resistance of the iron to the eddy currents. This heat represents a power loss to the electrical system and excessive heating can damage or destroy the transformer.

One of the best ways to overcome difficulties of heating in transformers is to reduce the size of the eddy currents. Transformer cores are made of laminated iron, that is, many thin sheets of iron pressed together but separated by thin insulating layers. This limits the circulation of any eddy currents to the thickness of one lamina, rather than the whole core, thus reducing the overall heating effect.

Once the transformer does get hot it must be cooled to prevent overheating. Several strategies have been developed to keep transformers cool:

· Heat-sink fins are added to the metal transformer case so that heat dissipation to the environment can occur more quickly over a larger surface area. 

· The transformer case may be made of a black material so that the heat produced internally is efficiently radiated to the environment. Most small transformer rectifier units found around the home are coloured black. 

· Pad-mounted transformers at ground level have ventilated cases to allow air to remove heat by convection. They may also have an internal fan to assist air circulation to remove excess heat faster. 

· The transformer case may be filled with a non-conducting oil that transports the heat produced in the core to the outside where the heat can be dissipated to the environment. The oil may circulate from hotter to cooler regions by convection alone, or circulation may be assisted by a pump. The case may have design features such as cooling tubes and radiator slats to increase the rate of heat dissipation. 

· Large transformers such as at substations are always located in the open or in well-ventilated areas to maximise airflow around them for cooling. These are fitted with a combination of cooling mechanisms including pumps to circulate cooling oil through large radiators, and fans to increase the airflow over the radiators. The fans are often thermostatically controlled and cut in at a specified temperature, usually around 50°C. “
Discuss why some electrical appliances in the home that are connected to the mains domestic power supply use a transformer

A transformer is a magnetic circuit with two multi-turn coils wound onto a common core. The number of turns used on the primary and secondary coils determines whether the transformer will increase voltage (step-up) or decrease voltage (step-down), according to the formula:     
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Although many appliances run directly on the 240V mains supply, some may require more or less than 240 V so the appropriate transformer is used. e.g.:
(The following is from NSW HSC Online):

· Some appliances contain components that require a transformer because they operate best at lower voltages than the mains supply. In a microwave oven, large, energy consuming parts ( turntable motor and the microwave transducer) may be connected directly to the mains, while the control and display panel is supplied with low voltages from a step-down transformer in a built-in power supply unit. 

· Many small portable appliances, such as personal CD players and mobile phones, have been designed to run on batteries. These require low DC voltages, either as an alternative to batteries or to recharge the batteries. When the whole appliance is designed to run at the same low voltage, a step-down transformer-rectifier may be built into the plug of the power supply lead that connects to the mains supply. Alternatively, a normal power lead connects the mains to a built-in power supply unit that contains a step-down transformer and a rectifier.

Appliances such as television receivers and computer monitors contain cathode ray tubes that require voltages well above the mains supply, up to around 25 kV, to accelerate electrons toward the screen. These use a built-in step-up transformer to provide the necessary voltage. The power supply unit may contain both a step-up and a step-down transformer. 
Discuss the impact of the development of transformers on society 

Transformers reduce power loss, so electricity can be supplied over long distances

without wasting too much energy.

This affects society because it means all cities don't have to be built next to sources of power generation such as coal mines or dams.

It also helps to prevent society from being subjected to direct pollution from power stations. However, power stations which use fossil fuels produce greenhouse gases which may contribute to global warming.

Remote locations can be supplied with electricity, so populations can be decentralised

Households and appliances can be supplied with suitable and safe levels of voltage, thus enabling access to a vast range of electrical appliances which have a myriad of effects on society such as saving time and work, leisure activities etc. 

Discuss the effect on the magnitude of the force on a current-carrying

conductor of variations in the strength of the magnetic field in which it is located and variations in the magnitude of current in the conductor

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Discuss the effect on the magnitude of the force on a current-carrying conductor of variations in the angle between the direction of the external magnetic field and the direction of the length of the conductor

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Discuss the energy losses that occur as energy is fed through transmission lines from the generator to the consumer

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Discuss how difficulties of heating caused by eddy currents in transformers may be overcome

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Discuss why some electrical appliances in the home that are connected to the mains domestic power supply use a transformer

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Discuss the impact of the development of transformers on society 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

assess the effects of the development of AC generators on society and the environment

compare the structure and function of a generator to an electric motor

compare step-up and step-down transformers

account for Lenz’s Law in terms of conservation of energy and relate it to the production of back emf in motors

analyse secondary information on the competition between Westinghouse and Edison to supply electricity to cities

Compare the structure and function of a generator to an electric motor

A generator is a device that transforms mechanical energy in to electrical energy.

An electric motor is a device that transforms electrical energy into mechanical energy.

· A motor rotates when current is supplied while a generator supplies current when rotor is made to rotate. It is possible to have a DC motor act as a generator by providing the energy to rotate the armature containing the coils.

· Electric motors and generators have several structural features in common. Each consists of a stator that provides a magnetic field and a rotor that rotates within the magnetic field. 

· In both motors and generators the magnetic field may be supplied either by permanent magnets or by electromagnets. 

· The rotor in both an electric motor and a generator consists of coils of wire wound on a laminated iron armature and connected through brushes to an external circuit.

· An electric motor and a DC generator are similar in that their rotor coils are connected to the external circuit through a split-ring commutator. 
· An AC generator is different as its rotor coils are connected to the external circuit through slip rings. 
· An AC induction motor [image: image6.png]


is different from a generator as its rotor coils are not connected to an external circuit and its field is always supplied by electromagnets.
· (HSC On-line)
Analyse  the competition between Westinghouse and Edison to supply electricity to cities

Initially, Edison had the advantage because DC was accepted and worked well over short distances. The problems were that it had to be generated and transmitted at the voltage required by the user. This meant lots of large wires and lots of energy loss over distance, so many power stations needed to be close to cities.

In 1887, Tesla patented polyphase AC motors and power transmission. These comprised a complete system of generators, transformers, transmission lines, motors and lighting. The advantages of transformers - changing voltage to suit needs, less losses over distance, remote power stations etc. meant they would be the most valuable patents since the telephone. 

George Westinghouse purchased the patents for $60,000 and a full-scale industrial war erupted. At stake, in effect, was the future of industrial development in the U.S., and whether Westinghouse's alternating current or Edison's direct current would be the chosen technology. AC also benefitted from Tesla’s invention of the induction motor which operates only on AC.
It was at this time that Edison launched a propaganda war against alternating current. Westinghouse recalled:

I remember Tom [Edison] telling them that direct current was like a river flowing peacefully to the sea, while alternating current was like a torrent rushing violently over a precipice...they even had a professor named Harold Brown who went around talking to audiences... and electrocuting dogs and old horses right on stage, to show how dangerous alternating current was. 
Meanwhile, a murderer was executed in the first electric chair and Professor Brown arranged to use a Westinghouse generator in order to demonstrate once and for all the extreme danger of alternating current. The technique was later dubbed "Westinghousing."

In spite of the bad press the Westinghouse Corporation won the bid for illuminating The Chicago World's Fair by undercutting GE's million-dollar bid by half. Much of GE's proposed expenses were tied to the amount copper wire necessary to utilize DC power. Westinghouse's winning bid proposed a more efficient, cost-effective AC system.

In 1893, President Grover Cleveland pushed a button and a hundred thousand incandescent lamps illuminated the fairground's buildings. This "City of Light" was the work of Tesla, Westinghouse and twelve new thousand-horsepower AC generation units located in the Hall of Machinery. For the twenty-seven million people who attended the fair, it was dramatically clear that the power of the future was AC. From that point forward more than 80 percent of all the electrical devices ordered in the United States were for alternating current.

Compare the structure and function of a generator to an electric motor

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

Analyse  the competition between Westinghouse and Edison to supply electricity to cities

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

perform a first-hand investigation to demonstrate the motor effect

perform an investigation to model the generation of an electric current by moving a magnet in a coil or a coil near a magnet

plan, choose equipment or resources for, and perform a first-hand investigation to predict and verify the effect on a generated electric current when:

-
the distance between the coil and magnet is varied

-
the strength of the magnet is varied

-
the relative motion between the coil and the magnet is varied

plan, choose equipment or resources for, and perform a first-hand investigation to demonstrate the production of an alternating current

perform an investigation 
to model the structure of a transformer to demonstrate how secondary voltage is produced

perform an investigation to demonstrate the principle of an AC induction motor

Revision of Practical Work/ Some key concepts

Likely HSC questions:

What did you do? Outline an investigation you conducted.

Draw a diagram

What equipment did you use?

Why did you use that equipment? Advantages? Disadvantages?

What alternative methods may have been used?

What safety precautions are necessary (risk assessment)

What is the independent and dependent variable?

What controls are involved?

Describe how the device works (e.g. A.C or D.C.  motor)

What were your observations? Results?

How reliable are your results? Possible sources of error?

What were your conclusions?

Assess the validity of your conclusions.

Check the glossary of key terms - can you apply these to your practical experiences?

You performed a first-hand investigation to predict and verify the effect on a generated electric current when:

-
the distance between the coil and magnet is varied

-
the relative motion between the coil and the magnet is varied

Outline your results.

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

Draw a diagram and outline the method you used to perform an investigation 
to model the structure of a transformer to demonstrate how secondary voltage is produced.

Diagram:

Method:

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

solve problems using:
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solve problems and analyse information about the force on current-carrying conductors in magnetic fields using: 
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solve problems and analyse information about simple motors using:  
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solve problems and analyse information about transformers using:
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Formula: ____________________                     Name of Law: ________________________

Quantity: _______________________________     

UNITS: ___________________

Direction (example) _________________________________________

Where     _____   is  ______________________________________________UNITS__________

               _____   is  ______________________________________________ UNITS__________

               _____   is  ______________________________________________ UNITS__________

               _____   is  ______________________________________________ UNITS__________

               _____   is  ______________________________________________ UNITS__________

               _____   is  ______________________________________________ UNITS__________

Formula: ____________________                     Name of Law: ________________________

Quantity: _______________________________     

UNITS: ___________________

Direction (example) _________________________________________

Where     _____   is  ______________________________________________UNITS__________

               _____   is  ______________________________________________ UNITS__________

               _____   is  ______________________________________________ UNITS__________

               _____   is  ______________________________________________ UNITS__________

               _____   is  ______________________________________________ UNITS__________

               _____   is  ______________________________________________ UNITS__________

EXTRACTING DATA FROM THE QUESTION

EXAMPLE ___                                                                     EXAMPLE ___

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

Formula: ____________________                                      Formula: ____________________       

EXAMPLE ___                                                                     EXAMPLE ___

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

               _____   =   ___________                                                 _____   =   ___________

Formula: ____________________                                      Formula: ____________________       

N.B. magnetic field may be created by permanent magnet or electromagnet





B











I





So F is directly proportional to B, I, l and sin


Therefore any variation in magnetic field strength or current in the conductor cause a direct effect on the magnitude of the force on the conductor.


e.g. double the current creates double the force, 


half the magnetic field strength creates half the force etc..





where is the angle between the magnetic field and the conductor





� EMBED Equation.3  ���





R=l/A





V=IR





P=VI=I2R





Less current!
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