Focus 3.   Generators are used to provide large scale power production in isolated areas and as a back up in emergency situations

*The general formula sheet contains equations you may need

Part A:   Multiple choice questions   ( select the most correct answer )

1a.   A device designed for producing electrical energy from mechanical energy would be 

A. a rectifier

B. an electric motor

C. a generator

D. an electromagnet

b.   In the production of electricity, the rotating device inside is called the 

A. armature

B. rectifier

C. electromagnet

D. generator

c.   In the production of DC electricity, the device that produces the direct current is the 

A. generator

B. armature

C. electromagnet

D. commutator

 2a.   The basic difference between an electric motor and a generator is that the electric motor

A. has a rotating armature

B. produce its own electricity

C. uses magnetic induction and the generator does not

D. takes in electricity

b.   An electric motor

A. can change mechanical energy to electrical energy

B. can only change electrical energy to mechanical energy

C. has a totally different type of construction to a generator

D. operates best without magnetic fields

c.   When comparing a generator to an electric motor,

A. the generator can only convert electrical energy to mechanical energy

B. the generator produces a smooth non-cyclic supply of electricity 

C. the electric motor produces direct current first and this has to be changed to alternating current

D. an electric motor produces a load on the current when in normal operation
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 a.   The above diagram could represent 

A. a DC generator

B. an AC generator

C. a DC electric motor

D. an electromagnet

b.   In the above diagram, a current could be generated

A. if the central loop was rotated

B. if the permanent magnets were turned on

C. if the wires at Z are joined to a load

D. when the switch at X is turned on

c.   The type of current that the generator in the following diagram could produce would be: 
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4a.   What is the resistance in an electrical cable with 240V and 10 A?

A. 24 ohms

B. 240 ohms

C. 0.04 ohms

D. 2400 ohms

b.   Resistance in a wire 

A. increases as the temperature reduces

B. decreases as the wire becomes thinner

C. increases as the wire becomes longer

D. decreases as the wire is turned into a coil

c.   To minimise energy loss in wires when transferring electricity long distances, it is best to use

A. high voltage and low current

B. high current and low voltage

C. high current and high voltage

D. low voltage and low current

5a.   Which of the following activities would still be possible without electricity?

A. Electronic games

B. Cooking

C. Driving cars

D. Lasers to cut steel

b.   The most common power source for the production of domestic electricity in society today is

A. nuclear energy

B. hydroelectric schemes

C. wind and solar

D. fossil fuels

c.   High voltage power lines are a common sight around major cities today. The current research into the effects of the electromagnetic radiation from these power lines on humans is

A. inconclusive

B. that there is a well established link with certain types of skin cancers

C.   that there is no evidence in any form at this stage that they are harmful

D.   the main safety problem comes from increased numbers of brain tumors and heart attacks in older people

Part B:   Short Answer Questions

   *Show all working in questions with calculations

   *Use the table of equations to select the appropriate equation when needed

1a.   What does a generator do? ____________________________________________________________________

b.   What is the purpose of the slip rings and carbon brushes in a generator? ________________________________________________________________________________________________________________________________________

c.   Detail how a commutator works?
 ____________________________________________________________________________________________________________________________________________________________________________________________________________

2a.   What is current? ____________________________________________________________________

b.   What is magnetic induction? ________________________________________________________________________________________________________________________________________

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


3a.   What is the difference between AC and DC? ____________________________________________________________________

b.   How does an AC generator work? ________________________________________________________________________________________________________________________________________

c.   Draw a diagram and describe how a DC generator works. ____________________________________________________________________________________________________________________________________________________________________________________________________________

4a.   What is electrical resistance? ____________________________________________________________________

b.   Find the power usage in a wire with 240 V, 0.2 A and 0.8 ohms.

c.   Discuss the energy losses that occur as energy is fed through transmission lines from the generator to the consumer. Describe methods for minimising the loss. ____________________________________________________________________________________________________________________________________________________________________________________________________________

5a.   Name four devices used in society that do not need electricity. 

1. ___________________

2. ___________________

3. ___________________

4. ___________________

  b.   Describe three processes involving a number of activities and devices that don’t need electricity.

1. ____________________________________________________________________________________________________________________________

2. ____________________________________________________________________________________________________________________________

3. ____________________________________________________________________________________________________________________________

c.   Describe how energy is transferred in the process of producing electricity at a power station. ____________________________________________________________________________________________________________________________________________________________________________________________________________

6a.   Why do we have high voltage power lines in our communities? ____________________________________________________________________

b.   Describe the radiation from high voltage power lines and how it forms. ________________________________________________________________________________________________________________________________________

c.   From your investigations on the health risks associated with the radiation from high voltage power lines, describe the current scientific thinking on this matter. ____________________________________________________________________________________________________________________________________________________________________________________________________________

Part C:   Compulsory Practicals and Research Activities

   *Show all working in questions with calculations

   *Use the table of equations to select the appropriate equation when needed

1a.   What type of current comes from voltaic cells (batteries)? ____________________________________________________________________

b.   Compare the current that comes from a voltaic cell (battery) to that from a DC generator. ________________________________________________________________________________________________________________________________________

c. Outline an activity you carried out to produce direct current from a voltaic cell. _______________________________________________________________________________________________________________________________________________________________________________________________________________

2a.   What type of current is produced in the coil of a DC generator? ____________________________________________________________________

b.   How is AC produced in an AC generator?  ____________________________________________________________________________________________________________________________________________________________________________________________________________

c.   Outline a method you used to demonstrate the production of alternating current from an AC generator. ____________________________________________________________________________________________________________________________________________________________________________________________________________

3a.   What is the purpose of a commutator? ____________________________________________________________________

b.   Draw graphs displaying the current output from DC and AC generators during one full turn of the coil (rotor). 
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c.   Compare the advantages and disadvantages of AC and DC generators and relate these to their use. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4a.   Why do we have high voltage transmission lines? ____________________________________________________________________

b.   What types of insulators are used with domestic and high voltage transmission lines? ________________________________________________________________________________________________________________________________________

c.   How are high voltage transmission lines protected from lightning strikes? Why is this necessary? ____________________________________________________________________________________________________________________________________________________________________________________________________________

Focus 3   Answers

Part A


a
b
c

1.
C
A
D

2.
D
A
D

3.
B
A
B

4.
A
C
A

5.
B
D
A

Part B
1a.   Generators convert mechanical rotational energy into electrical energy

b.   They conduct the induced current away to the various devices.

c.   It produces direct current from alternating current and vice versa. The divided ring rotates with the coil and only allows electricity to flow in one direction.



2a.   The flow of hypothetical positive charges through a conductor (it is actually the electrons that move, but in the opposite direction)

b.   Magnetic induction is when charges are forced to move in a conductor as a magnetic field passes through it (or vice versa).

c.   They are essentially the same. They both work by magnetic induction. Generators change rotational (mechanical) energy into electrical energy and electric motors do the reverse. Rotors rotate within a magnetic field in each case.

3a.   AC is current that alternates or cycles back and forward depending on the period of motion of the rotor in the generator.


 DC is current that is moving or pulsing forward in one direction.

b.   The coil (or rotor) is made to usually rotate inside a magnetic field. By doing this, an AC is produced by magnetic induction and this current is carried away by the slip ring and brushes.

c.   DC works the same way as an AC generator (see b.) but the main difference is that it has a commutator on the shaft that rotates with the coil and only allows current to move or pulse in one direction, hence DC.
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4a.   Electrical resistance is a force acting against the smooth flow of charges in a conductor.

b.   

P  =  I2 R


     =  (0.2)2 x 0.8


=   0.032


=  3.2 x 10-2 W

c.   Because resistance in a wire is directly related to its length, then the greater the distance the greater the power loss. To minimise this loss, the electricity is set at a very high voltage and a low current ie. P  =  I2 R

5a.   Pliers, shovel, matchstick, fishing rod. (although all these needed electricity to be produced)

b.   They need to be simple processes and it is very hard to find something that is not made by or influenced by electricity at some stage. How about living in a cave where you grow and forage for your own food and rub sticks together to make fires?

c.   Eg: A fossil fuel power station. Fossil fuel is burnt to supply heat to produce steam that forces a turbine to spin which in turn is connected to a generator that changes this mechanical energy into electrical energy.

6a.   The high voltage is needed to transfer electricity over long distances with the least power loss.

b.   The radiation is electromagnetic and similar to radio waves. It is generated by the vibration of electrons in alternating current.

c.   The evidence is inconclusive. Some reports are indicating slight links with certain cancers, but others are not finding any health problems.


Part C
1a.   Chemical cells produce continuous direct current.

b.   DC from cells is smooth and continuous. DC from generators is produced in pulses or cycles with the frequency depending on the rotation rate of the coil.

c.   Place two different metals into a partly squashed lemon and connect leads from each to a sensitive voltmeter. The meter will display a continuous direct current.

2a.   An alternating current. It is made into DC by the commuter.

b.   As the coil does one full rotation, it moves through the magnetic field in two directions. This produces two opposite pulses of current.

c.   Make or select a simple one coil commercial AC generator. Connect the brushes via leads to a voltmeter and rotate the coil slowly. The meter’s needle will move back and forwards during each full turn. This indicates the changing direction of motion of the coil in the magnetic field.

3a.   A commutator converts AC to DC or vice versa.

b.   




DC






      AC



c.   They are usually identical in how they produce the current. Initially, within the coil, it is AC but a DC motor converts this to DC at the commutator. Commutators can often be unreliable, so in cases like cars where DC is needed, a rectifier electronically converts AC to DC after it has left an AC generator. AC is preferred for transferring currents over large distances, therefore most domestic use is based on AC.

4a.   To transfer current from source to communities with the lowest power loss.

b.   Domestic: flexible plastic wrappings on the wires, plastic switches, ceramic fuse housings.


High voltage: ceramic connectors between the live cables and the towers.

c.   There is an “overhead ground wire” strung over the top of the live cables to collect the lightning and ground it.
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