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The Science of Electricity Generation

• In a hydroelectric turbine, a stream of water is used to push the 
turbine blades.

• In a wind turbine, moving air pushes the blades

• In steam turbine, water is heated and turns into steam, which is 
used to create the necessary pressure against the blades. The heat 
needed to heat the water is produced by burning fuel such as coal, 
peat, gas or oil). In nuclear power plants, the nuclear reaction creates 
the heat.

• In a gas turbine, gas is ignited in a stream of compressed air in a 
combustion chamber. The temperature in the chamber might reach 
1,200°C. The mixture of gas and air expands rapidly and is directed 
onto the blades of the turbine making it spin around. The speed of 
rotation is 3,000 rpm (revolutions per minute). 

What is a combined cycle turbine?
In the process described above only a portion of the heat energy from 
the combustion process is actually converted to electrical energy. 
The percentage converted is called the effi ciency of the process. 
Of course, engineers always try to design machines with the highest 
effi ciency possible. In general, gas turbines usually achieve effi ciencies 
of around 40%. Obviously some energy is lost due to friction in the 
spindle bearings. Also a large proportion is emitted in the exhaust gas 
at the end of the process and is wasted. If some of this energy could be 
used to generate more electricity the overall effi ciency of the process 
would be higher. This is what a combined cycle gas turbine (CCGT) 
does. The exhaust heat is sent to a heat recovery steam generator 
(boiler) and used to produce 
steam. The steam then drives a 
turbine that is connected to 
the electricity generator. One 
generator can be connected to 
two steam turbines. The Energia 
generator is a combined cycle 
machine which achieves an 
overall effi ciency of around 56%. 
The gas turbine is one cycle of 
energy conversion and the steam 
turbine is another, hence the term 
combined cycle. The fuel used in 
the Energia plant is natural gas.

Switched on to a better service
Energia is Ireland’s leading independent energy supplier 
(electricity and gas), currently serving the business market. 
Since it was formed in 1999, over 35,000 business customers 
have switched electricity supply on an all-island basis. 
Energia has expertise in all aspects of power supply and energy 
effi ciency management, delivering real choice and long term 
benefi ts to customers.

Energia’s long-term commitment is refl ected in the development 
of the 750 MW power station at Huntstown, Dublin. Huntstown 
was the fi rst independent generator in the Republic with enough 
supply capacity for 200,000 businesses. 

Energia is also aware of the effects of energy on the environment 
and has over 210 MW of renewable or ‘green’ capacity within its 
energy portfolio, enough to supply 20,000 businesses or 130,000 
homes annually. 

This renewable capacity will save approximately 275,000 tonnes 
of CO2 and other harmful emissions from entering the 
atmosphere and is equivalent to taking 65,000 cars off the roads. 
Energia has entered into long-term contracts with developers 
that will underpin the construction of 15 new wind farms in Ireland 
between 2007–2009, with an estimated contract value of €550m. 

Energia is a wholly owned subsidiary of the Viridian Group 
Limited, which also owns Northern Ireland Electricity, the main 
electricity supplier in Northern Ireland. The Group has a turnover 
of approximately €1.5 billion and employs 1,500 staff. 

A member of the Viridian Group Limited

The Science of Electricity Generation
The Irish electricity market opened to full competition for 
business users in 2001 and for domestic users in 2005. 
This meant that new suppliers could obtain a licence to 
generate electricity. Energia is a well known licensed supplier, 
currently serving about 25% of the all-island business market. 
In order to do this Energia must operate a power station 
and feed electricity into the national grid for distribution 
to customers.

Early one morning in October 2006, a convoy about 107 
metres long left Dublin docks and started on a slow careful 
trip up the M50. The 372 tonne load being carried that day 
was a Mitsubishi combined cycle gas turbine generator. 
It was being delivered to Energia for installation in their power 
station at Huntstown, Co. Dublin. In this lesson we take a 
closer look at the new turbine and see how it brings physics 
and chemistry, electrical engineering and mechanical 
engineering together to produce electricity more effi ciently 
and connect to the grid.

What is a generator? 
First we need to review a fundamental 
principle that was discovered and 
demonstrated by Michael Faraday in 
1831. If a conductor moves in a 
magnetic fi eld, cutting through the 
lines of force, a potential difference 
(emf) is produced across the 
conductor. The principle involved is 
called electromagnetic induction. This discovery led to astounding 
changes in society. It underpins the development of the electric motor 
and the ability to generate electricity and distribute it across long 
distances. The earliest generators were called dynamos and the term 
still applies to small ones such as those often used on bicycles.

So, in essence, a generator is a machine 
that can move conductors though a 
magnetic fi eld to produce the required 
potential across the output terminals. In 
fact, large modern generators actually 
move the magnetic fi eld, while the 
conductors remain stationary. They do 

this by rotating electromagnets on a spindle so that the fi eld cuts through 
a series of conductors. These conductors are arranged in coils on the 
inside of a cylinder surrounding the spindle. The spinning part with the 
magnets is called the rotor while the cylinder and coils surrounding the 
spindle is the stator. This whole assembly is often called an alternator 
because it produces AC. 

What makes the rotor rotate?
For the generator to work the rotor has to spin. This could be achieved by 
connecting it to an engine such as a diesel engine. However, in most 
large generators a turbine is used. In a turbine, a series of blades or 
vanes are fi xed to a central spindle and these vanes are subject to force 
which makes the spindle turn. What produces this pressure? There are a 
number of sources:

You can learn about energy effi ciency and fi nd out 
more about Energia at www.energia.ie 

How much 
electricity is 
produced?
The output of a power turbine 
is usually stated in megawatts 
(MW) or millions of watts. 

The Energia generator 
produces 401 MW and will 
operate along with the 
company’s existing 343 MW 
machine to feed power to the 
national grid. In order to do 
this, the output must be 
3-phase AC. The use of AC 

allows the voltage to be stepped up to high levels for effi cient 
transmission. If the same power were transmitted at lower voltages, the 
higher electric current involved would lead to major heat loss from the 
transmission conductors. The high voltages are eventually stepped 
down again for use by the customer. 

Power is transmitted across the national grid at 110 kV (kilovolts), 220 kV 
and 400 kV. At various points the voltages are reduced to 38 kV, 20 kV 
and 10 kV. All changes in voltage are accomplished by transformers, 
which also work on the principle of electromagnetic induction. Without 
transformers long distance transmission would not be possible. The 
voltage of the output from the Energia plant is 220 kV. 

One form of energy to another
The Energia turbine generator provides a compelling example of the 
impact of science and technology on society. Imagine life without 
the ability to switch on an affordable and constant supply of electricity 
at work or at home. When we consider the various areas of 
knowledge involved in the design and construction of a turbine generator 
we cannot but be impressed. This is illustrated when we consider the 
overall process in terms of energy conversion and the various fi elds of 
knowledge involved. 

Chemical 
Energy

Heat Energy Kinetic Energy Electrical 
Energy

Where the 
conversion 
takes place:

In the 
combustion 
chamber 

In the turbine In the generator/ 
alternator

Requires 
knowledge 
of:

• Behaviour of 
gases

• Latent heat
• Calorifi c 

values
• Metals and 

alloys

• Behaviour of 
gases

• Design of blades
• Dynamics of 

rotation
• Metals and 

alloys

• Magnetic fi elds
• Electricity
• Power
• Dynamics of 

rotation
• Metals and 

alloys

The scientists and engineers involved in such a project must know their 
fi elds intimately and be able to apply all the laws and principles involved 
and carry out the necessary calculations. These skills have taken us 
from Faraday’s table top experiments to machines like the Energia 
turbine which is 50 metres long. This is surely science and technology 
in action.

 Magnetic Field + 
 Conductor + 
 Movement 

= Potential Difference

Think about Lenz’s 
Law and consider 
why alternating 
current is produced.

Faraday showed that the induced emf depends on the rate at which 
the conductor cuts the through the fl ux of the magnetic fi eld. This is 
his famous Law of Electromagnetic Induction, expressed 
mathematically as d /dt = E

Fig. 2 The combined cycle process
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Energia has expertise in all aspects of power supply and energy 
effi ciency management, delivering real choice and long term 
benefi ts to customers.
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that will underpin the construction of 15 new wind farms in Ireland 
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energy portfolio, enough to supply 20,000 businesses or 130,000 
homes annually. 

This renewable capacity will save approximately 275,000 tonnes 
of CO2 and other harmful emissions from entering the 
atmosphere and is equivalent to taking 65,000 cars off the roads. 
Energia has entered into long-term contracts with developers 
that will underpin the construction of 15 new wind farms in Ireland 
between 2007–2009, with an estimated contract value of €550m. 

Energia is a wholly owned subsidiary of the Viridian Group 
Limited, which also owns Northern Ireland Electricity, the main 
electricity supplier in Northern Ireland. The Group has a turnover 
of approximately €1.5 billion and employs 1,500 staff. 
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The Science of Electricity Generation
The Irish electricity market opened to full competition for 
business users in 2001 and for domestic users in 2005. 
This meant that new suppliers could obtain a licence to 
generate electricity. Energia is a well known licensed supplier, 
currently serving about 25% of the all-island business market. 
In order to do this Energia must operate a power station 
and feed electricity into the national grid for distribution 
to customers.

Early one morning in October 2006, a convoy about 107 
metres long left Dublin docks and started on a slow careful 
trip up the M50. The 372 tonne load being carried that day 
was a Mitsubishi combined cycle gas turbine generator. 
It was being delivered to Energia for installation in their power 
station at Huntstown, Co. Dublin. In this lesson we take a 
closer look at the new turbine and see how it brings physics 
and chemistry, electrical engineering and mechanical 
engineering together to produce electricity more effi ciently 
and connect to the grid.

What is a generator? 
First we need to review a fundamental 
principle that was discovered and 
demonstrated by Michael Faraday in 
1831. If a conductor moves in a 
magnetic fi eld, cutting through the 
lines of force, a potential difference 
(emf) is produced across the 
conductor. The principle involved is 
called electromagnetic induction. This discovery led to astounding 
changes in society. It underpins the development of the electric motor 
and the ability to generate electricity and distribute it across long 
distances. The earliest generators were called dynamos and the term 
still applies to small ones such as those often used on bicycles.

So, in essence, a generator is a machine 
that can move conductors though a 
magnetic fi eld to produce the required 
potential across the output terminals. In 
fact, large modern generators actually 
move the magnetic fi eld, while the 
conductors remain stationary. They do 

this by rotating electromagnets on a spindle so that the fi eld cuts through 
a series of conductors. These conductors are arranged in coils on the 
inside of a cylinder surrounding the spindle. The spinning part with the 
magnets is called the rotor while the cylinder and coils surrounding the 
spindle is the stator. This whole assembly is often called an alternator 
because it produces AC. 

What makes the rotor rotate?
For the generator to work the rotor has to spin. This could be achieved by 
connecting it to an engine such as a diesel engine. However, in most 
large generators a turbine is used. In a turbine, a series of blades or 
vanes are fi xed to a central spindle and these vanes are subject to force 
which makes the spindle turn. What produces this pressure? There are a 
number of sources:

You can learn about energy effi ciency and fi nd out 
more about Energia at www.energia.ie 

How much 
electricity is 
produced?
The output of a power turbine 
is usually stated in megawatts 
(MW) or millions of watts. 

The Energia generator 
produces 401 MW and will 
operate along with the 
company’s existing 343 MW 
machine to feed power to the 
national grid. In order to do 
this, the output must be 
3-phase AC. The use of AC 

allows the voltage to be stepped up to high levels for effi cient 
transmission. If the same power were transmitted at lower voltages, the 
higher electric current involved would lead to major heat loss from the 
transmission conductors. The high voltages are eventually stepped 
down again for use by the customer. 

Power is transmitted across the national grid at 110 kV (kilovolts), 220 kV 
and 400 kV. At various points the voltages are reduced to 38 kV, 20 kV 
and 10 kV. All changes in voltage are accomplished by transformers, 
which also work on the principle of electromagnetic induction. Without 
transformers long distance transmission would not be possible. The 
voltage of the output from the Energia plant is 220 kV. 

One form of energy to another
The Energia turbine generator provides a compelling example of the 
impact of science and technology on society. Imagine life without 
the ability to switch on an affordable and constant supply of electricity 
at work or at home. When we consider the various areas of 
knowledge involved in the design and construction of a turbine generator 
we cannot but be impressed. This is illustrated when we consider the 
overall process in terms of energy conversion and the various fi elds of 
knowledge involved. 
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The scientists and engineers involved in such a project must know their 
fi elds intimately and be able to apply all the laws and principles involved 
and carry out the necessary calculations. These skills have taken us 
from Faraday’s table top experiments to machines like the Energia 
turbine which is 50 metres long. This is surely science and technology 
in action.

 Magnetic Field + 
 Conductor + 
 Movement 

= Potential Difference

Think about Lenz’s 
Law and consider 
why alternating 
current is produced.

Faraday showed that the induced emf depends on the rate at which 
the conductor cuts the through the fl ux of the magnetic fi eld. This is 
his famous Law of Electromagnetic Induction, expressed 
mathematically as d /dt = E

Fig. 2 The combined cycle process
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The Science of Electricity Generation

• In a hydroelectric turbine, a stream of water is used to push the 
turbine blades.

• In a wind turbine, moving air pushes the blades

• In steam turbine, water is heated and turns into steam, which is 
used to create the necessary pressure against the blades. The heat 
needed to heat the water is produced by burning fuel such as coal, 
peat, gas or oil). In nuclear power plants, the nuclear reaction creates 
the heat.

• In a gas turbine, gas is ignited in a stream of compressed air in a 
combustion chamber. The temperature in the chamber might reach 
1,200°C. The mixture of gas and air expands rapidly and is directed 
onto the blades of the turbine making it spin around. The speed of 
rotation is 3,000 rpm (revolutions per minute). 

What is a combined cycle turbine?
In the process described above only a portion of the heat energy from 
the combustion process is actually converted to electrical energy. 
The percentage converted is called the effi ciency of the process. 
Of course, engineers always try to design machines with the highest 
effi ciency possible. In general, gas turbines usually achieve effi ciencies 
of around 40%. Obviously some energy is lost due to friction in the 
spindle bearings. Also a large proportion is emitted in the exhaust gas 
at the end of the process and is wasted. If some of this energy could be 
used to generate more electricity the overall effi ciency of the process 
would be higher. This is what a combined cycle gas turbine (CCGT) 
does. The exhaust heat is sent to a heat recovery steam generator 
(boiler) and used to produce 
steam. The steam then drives a 
turbine that is connected to 
the electricity generator. One 
generator can be connected to 
two steam turbines. The Energia 
generator is a combined cycle 
machine which achieves an 
overall effi ciency of around 56%. 
The gas turbine is one cycle of 
energy conversion and the steam 
turbine is another, hence the term 
combined cycle. The fuel used in 
the Energia plant is natural gas.

Switched on to a better service
Energia is Ireland’s leading independent energy supplier 
(electricity and gas), currently serving the business market. 
Since it was formed in 1999, over 35,000 business customers 
have switched electricity supply on an all-island basis. 
Energia has expertise in all aspects of power supply and energy 
effi ciency management, delivering real choice and long term 
benefi ts to customers.

Energia’s long-term commitment is refl ected in the development 
of the 750 MW power station at Huntstown, Dublin. Huntstown 
was the fi rst independent generator in the Republic with enough 
supply capacity for 200,000 businesses. 

Energia is also aware of the effects of energy on the environment 
and has over 210 MW of renewable or ‘green’ capacity within its 
energy portfolio, enough to supply 20,000 businesses or 130,000 
homes annually. 

This renewable capacity will save approximately 275,000 tonnes 
of CO2 and other harmful emissions from entering the 
atmosphere and is equivalent to taking 65,000 cars off the roads. 
Energia has entered into long-term contracts with developers 
that will underpin the construction of 15 new wind farms in Ireland 
between 2007–2009, with an estimated contract value of €550m. 

Energia is a wholly owned subsidiary of the Viridian Group 
Limited, which also owns Northern Ireland Electricity, the main 
electricity supplier in Northern Ireland. The Group has a turnover 
of approximately €1.5 billion and employs 1,500 staff. 

A member of the Viridian Group Limited

The Science of Electricity Generation
The Irish electricity market opened to full competition for 
business users in 2001 and for domestic users in 2005. 
This meant that new suppliers could obtain a licence to 
generate electricity. Energia is a well known licensed supplier, 
currently serving about 25% of the all-island business market. 
In order to do this Energia must operate a power station 
and feed electricity into the national grid for distribution 
to customers.

Early one morning in October 2006, a convoy about 107 
metres long left Dublin docks and started on a slow careful 
trip up the M50. The 372 tonne load being carried that day 
was a Mitsubishi combined cycle gas turbine generator. 
It was being delivered to Energia for installation in their power 
station at Huntstown, Co. Dublin. In this lesson we take a 
closer look at the new turbine and see how it brings physics 
and chemistry, electrical engineering and mechanical 
engineering together to produce electricity more effi ciently 
and connect to the grid.

What is a generator? 
First we need to review a fundamental 
principle that was discovered and 
demonstrated by Michael Faraday in 
1831. If a conductor moves in a 
magnetic fi eld, cutting through the 
lines of force, a potential difference 
(emf) is produced across the 
conductor. The principle involved is 
called electromagnetic induction. This discovery led to astounding 
changes in society. It underpins the development of the electric motor 
and the ability to generate electricity and distribute it across long 
distances. The earliest generators were called dynamos and the term 
still applies to small ones such as those often used on bicycles.

So, in essence, a generator is a machine 
that can move conductors though a 
magnetic fi eld to produce the required 
potential across the output terminals. In 
fact, large modern generators actually 
move the magnetic fi eld, while the 
conductors remain stationary. They do 

this by rotating electromagnets on a spindle so that the fi eld cuts through 
a series of conductors. These conductors are arranged in coils on the 
inside of a cylinder surrounding the spindle. The spinning part with the 
magnets is called the rotor while the cylinder and coils surrounding the 
spindle is the stator. This whole assembly is often called an alternator 
because it produces AC. 

What makes the rotor rotate?
For the generator to work the rotor has to spin. This could be achieved by 
connecting it to an engine such as a diesel engine. However, in most 
large generators a turbine is used. In a turbine, a series of blades or 
vanes are fi xed to a central spindle and these vanes are subject to force 
which makes the spindle turn. What produces this pressure? There are a 
number of sources:

You can learn about energy effi ciency and fi nd out 
more about Energia at www.energia.ie 

How much 
electricity is 
produced?
The output of a power turbine 
is usually stated in megawatts 
(MW) or millions of watts. 

The Energia generator 
produces 401 MW and will 
operate along with the 
company’s existing 343 MW 
machine to feed power to the 
national grid. In order to do 
this, the output must be 
3-phase AC. The use of AC 

allows the voltage to be stepped up to high levels for effi cient 
transmission. If the same power were transmitted at lower voltages, the 
higher electric current involved would lead to major heat loss from the 
transmission conductors. The high voltages are eventually stepped 
down again for use by the customer. 

Power is transmitted across the national grid at 110 kV (kilovolts), 220 kV 
and 400 kV. At various points the voltages are reduced to 38 kV, 20 kV 
and 10 kV. All changes in voltage are accomplished by transformers, 
which also work on the principle of electromagnetic induction. Without 
transformers long distance transmission would not be possible. The 
voltage of the output from the Energia plant is 220 kV. 

One form of energy to another
The Energia turbine generator provides a compelling example of the 
impact of science and technology on society. Imagine life without 
the ability to switch on an affordable and constant supply of electricity 
at work or at home. When we consider the various areas of 
knowledge involved in the design and construction of a turbine generator 
we cannot but be impressed. This is illustrated when we consider the 
overall process in terms of energy conversion and the various fi elds of 
knowledge involved. 
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The scientists and engineers involved in such a project must know their 
fi elds intimately and be able to apply all the laws and principles involved 
and carry out the necessary calculations. These skills have taken us 
from Faraday’s table top experiments to machines like the Energia 
turbine which is 50 metres long. This is surely science and technology 
in action.
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Law and consider 
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Faraday showed that the induced emf depends on the rate at which 
the conductor cuts the through the fl ux of the magnetic fi eld. This is 
his famous Law of Electromagnetic Induction, expressed 
mathematically as d /dt = E
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The Science of Electricity Generation

• In a hydroelectric turbine, a stream of water is used to push the 
turbine blades.

• In a wind turbine, moving air pushes the blades

• In steam turbine, water is heated and turns into steam, which is 
used to create the necessary pressure against the blades. The heat 
needed to heat the water is produced by burning fuel such as coal, 
peat, gas or oil). In nuclear power plants, the nuclear reaction creates 
the heat.

• In a gas turbine, gas is ignited in a stream of compressed air in a 
combustion chamber. The temperature in the chamber might reach 
1,200°C. The mixture of gas and air expands rapidly and is directed 
onto the blades of the turbine making it spin around. The speed of 
rotation is 3,000 rpm (revolutions per minute). 

What is a combined cycle turbine?
In the process described above only a portion of the heat energy from 
the combustion process is actually converted to electrical energy. 
The percentage converted is called the effi ciency of the process. 
Of course, engineers always try to design machines with the highest 
effi ciency possible. In general, gas turbines usually achieve effi ciencies 
of around 40%. Obviously some energy is lost due to friction in the 
spindle bearings. Also a large proportion is emitted in the exhaust gas 
at the end of the process and is wasted. If some of this energy could be 
used to generate more electricity the overall effi ciency of the process 
would be higher. This is what a combined cycle gas turbine (CCGT) 
does. The exhaust heat is sent to a heat recovery steam generator 
(boiler) and used to produce 
steam. The steam then drives a 
turbine that is connected to 
the electricity generator. One 
generator can be connected to 
two steam turbines. The Energia 
generator is a combined cycle 
machine which achieves an 
overall effi ciency of around 56%. 
The gas turbine is one cycle of 
energy conversion and the steam 
turbine is another, hence the term 
combined cycle. The fuel used in 
the Energia plant is natural gas.

Switched on to a better service
Energia is Ireland’s leading independent energy supplier 
(electricity and gas), currently serving the business market. 
Since it was formed in 1999, over 35,000 business customers 
have switched electricity supply on an all-island basis. 
Energia has expertise in all aspects of power supply and energy 
effi ciency management, delivering real choice and long term 
benefi ts to customers.

Energia’s long-term commitment is refl ected in the development 
of the 750 MW power station at Huntstown, Dublin. Huntstown 
was the fi rst independent generator in the Republic with enough 
supply capacity for 200,000 businesses. 

Energia is also aware of the effects of energy on the environment 
and has over 210 MW of renewable or ‘green’ capacity within its 
energy portfolio, enough to supply 20,000 businesses or 130,000 
homes annually. 

This renewable capacity will save approximately 275,000 tonnes 
of CO2 and other harmful emissions from entering the 
atmosphere and is equivalent to taking 65,000 cars off the roads. 
Energia has entered into long-term contracts with developers 
that will underpin the construction of 15 new wind farms in Ireland 
between 2007–2009, with an estimated contract value of €550m. 

Energia is a wholly owned subsidiary of the Viridian Group 
Limited, which also owns Northern Ireland Electricity, the main 
electricity supplier in Northern Ireland. The Group has a turnover 
of approximately €1.5 billion and employs 1,500 staff. 

A member of the Viridian Group Limited

The Science of Electricity Generation
The Irish electricity market opened to full competition for 
business users in 2001 and for domestic users in 2005. 
This meant that new suppliers could obtain a licence to 
generate electricity. Energia is a well known licensed supplier, 
currently serving about 25% of the all-island business market. 
In order to do this Energia must operate a power station 
and feed electricity into the national grid for distribution 
to customers.

Early one morning in October 2006, a convoy about 107 
metres long left Dublin docks and started on a slow careful 
trip up the M50. The 372 tonne load being carried that day 
was a Mitsubishi combined cycle gas turbine generator. 
It was being delivered to Energia for installation in their power 
station at Huntstown, Co. Dublin. In this lesson we take a 
closer look at the new turbine and see how it brings physics 
and chemistry, electrical engineering and mechanical 
engineering together to produce electricity more effi ciently 
and connect to the grid.

What is a generator? 
First we need to review a fundamental 
principle that was discovered and 
demonstrated by Michael Faraday in 
1831. If a conductor moves in a 
magnetic fi eld, cutting through the 
lines of force, a potential difference 
(emf) is produced across the 
conductor. The principle involved is 
called electromagnetic induction. This discovery led to astounding 
changes in society. It underpins the development of the electric motor 
and the ability to generate electricity and distribute it across long 
distances. The earliest generators were called dynamos and the term 
still applies to small ones such as those often used on bicycles.

So, in essence, a generator is a machine 
that can move conductors though a 
magnetic fi eld to produce the required 
potential across the output terminals. In 
fact, large modern generators actually 
move the magnetic fi eld, while the 
conductors remain stationary. They do 

this by rotating electromagnets on a spindle so that the fi eld cuts through 
a series of conductors. These conductors are arranged in coils on the 
inside of a cylinder surrounding the spindle. The spinning part with the 
magnets is called the rotor while the cylinder and coils surrounding the 
spindle is the stator. This whole assembly is often called an alternator 
because it produces AC. 

What makes the rotor rotate?
For the generator to work the rotor has to spin. This could be achieved by 
connecting it to an engine such as a diesel engine. However, in most 
large generators a turbine is used. In a turbine, a series of blades or 
vanes are fi xed to a central spindle and these vanes are subject to force 
which makes the spindle turn. What produces this pressure? There are a 
number of sources:

You can learn about energy effi ciency and fi nd out 
more about Energia at www.energia.ie 

How much 
electricity is 
produced?
The output of a power turbine 
is usually stated in megawatts 
(MW) or millions of watts. 

The Energia generator 
produces 401 MW and will 
operate along with the 
company’s existing 343 MW 
machine to feed power to the 
national grid. In order to do 
this, the output must be 
3-phase AC. The use of AC 

allows the voltage to be stepped up to high levels for effi cient 
transmission. If the same power were transmitted at lower voltages, the 
higher electric current involved would lead to major heat loss from the 
transmission conductors. The high voltages are eventually stepped 
down again for use by the customer. 

Power is transmitted across the national grid at 110 kV (kilovolts), 220 kV 
and 400 kV. At various points the voltages are reduced to 38 kV, 20 kV 
and 10 kV. All changes in voltage are accomplished by transformers, 
which also work on the principle of electromagnetic induction. Without 
transformers long distance transmission would not be possible. The 
voltage of the output from the Energia plant is 220 kV. 

One form of energy to another
The Energia turbine generator provides a compelling example of the 
impact of science and technology on society. Imagine life without 
the ability to switch on an affordable and constant supply of electricity 
at work or at home. When we consider the various areas of 
knowledge involved in the design and construction of a turbine generator 
we cannot but be impressed. This is illustrated when we consider the 
overall process in terms of energy conversion and the various fi elds of 
knowledge involved. 
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The scientists and engineers involved in such a project must know their 
fi elds intimately and be able to apply all the laws and principles involved 
and carry out the necessary calculations. These skills have taken us 
from Faraday’s table top experiments to machines like the Energia 
turbine which is 50 metres long. This is surely science and technology 
in action.
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Faraday showed that the induced emf depends on the rate at which 
the conductor cuts the through the fl ux of the magnetic fi eld. This is 
his famous Law of Electromagnetic Induction, expressed 
mathematically as d /dt = E
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• In a hydroelectric turbine, a stream of water is used to push the 
turbine blades.

• In a wind turbine, moving air pushes the blades

• In steam turbine, water is heated and turns into steam, which is 
used to create the necessary pressure against the blades. The heat 
needed to heat the water is produced by burning fuel such as coal, 
peat, gas or oil). In nuclear power plants, the nuclear reaction creates 
the heat.

• In a gas turbine, gas is ignited in a stream of compressed air in a 
combustion chamber. The temperature in the chamber might reach 
1,200°C. The mixture of gas and air expands rapidly and is directed 
onto the blades of the turbine making it spin around. The speed of 
rotation is 3,000 rpm (revolutions per minute). 

What is a combined cycle turbine?
In the process described above only a portion of the heat energy from 
the combustion process is actually converted to electrical energy. 
The percentage converted is called the effi ciency of the process. 
Of course, engineers always try to design machines with the highest 
effi ciency possible. In general, gas turbines usually achieve effi ciencies 
of around 40%. Obviously some energy is lost due to friction in the 
spindle bearings. Also a large proportion is emitted in the exhaust gas 
at the end of the process and is wasted. If some of this energy could be 
used to generate more electricity the overall effi ciency of the process 
would be higher. This is what a combined cycle gas turbine (CCGT) 
does. The exhaust heat is sent to a heat recovery steam generator 
(boiler) and used to produce 
steam. The steam then drives a 
turbine that is connected to 
the electricity generator. One 
generator can be connected to 
two steam turbines. The Energia 
generator is a combined cycle 
machine which achieves an 
overall effi ciency of around 56%. 
The gas turbine is one cycle of 
energy conversion and the steam 
turbine is another, hence the term 
combined cycle. The fuel used in 
the Energia plant is natural gas.

Switched on to a better service
Energia is Ireland’s leading independent energy supplier 
(electricity and gas), currently serving the business market. 
Since it was formed in 1999, over 35,000 business customers 
have switched electricity supply on an all-island basis. 
Energia has expertise in all aspects of power supply and energy 
effi ciency management, delivering real choice and long term 
benefi ts to customers.

Energia’s long-term commitment is refl ected in the development 
of the 750 MW power station at Huntstown, Dublin. Huntstown 
was the fi rst independent generator in the Republic with enough 
supply capacity for 200,000 businesses. 

Energia is also aware of the effects of energy on the environment 
and has over 210 MW of renewable or ‘green’ capacity within its 
energy portfolio, enough to supply 20,000 businesses or 130,000 
homes annually. 

This renewable capacity will save approximately 275,000 tonnes 
of CO2 and other harmful emissions from entering the 
atmosphere and is equivalent to taking 65,000 cars off the roads. 
Energia has entered into long-term contracts with developers 
that will underpin the construction of 15 new wind farms in Ireland 
between 2007–2009, with an estimated contract value of €550m. 

Energia is a wholly owned subsidiary of the Viridian Group 
Limited, which also owns Northern Ireland Electricity, the main 
electricity supplier in Northern Ireland. The Group has a turnover 
of approximately €1.5 billion and employs 1,500 staff. 

A member of the Viridian Group Limited

The Science of Electricity Generation
The Irish electricity market opened to full competition for 
business users in 2001 and for domestic users in 2005. 
This meant that new suppliers could obtain a licence to 
generate electricity. Energia is a well known licensed supplier, 
currently serving about 25% of the all-island business market. 
In order to do this Energia must operate a power station 
and feed electricity into the national grid for distribution 
to customers.

Early one morning in October 2006, a convoy about 107 
metres long left Dublin docks and started on a slow careful 
trip up the M50. The 372 tonne load being carried that day 
was a Mitsubishi combined cycle gas turbine generator. 
It was being delivered to Energia for installation in their power 
station at Huntstown, Co. Dublin. In this lesson we take a 
closer look at the new turbine and see how it brings physics 
and chemistry, electrical engineering and mechanical 
engineering together to produce electricity more effi ciently 
and connect to the grid.

What is a generator? 
First we need to review a fundamental 
principle that was discovered and 
demonstrated by Michael Faraday in 
1831. If a conductor moves in a 
magnetic fi eld, cutting through the 
lines of force, a potential difference 
(emf) is produced across the 
conductor. The principle involved is 
called electromagnetic induction. This discovery led to astounding 
changes in society. It underpins the development of the electric motor 
and the ability to generate electricity and distribute it across long 
distances. The earliest generators were called dynamos and the term 
still applies to small ones such as those often used on bicycles.

So, in essence, a generator is a machine 
that can move conductors though a 
magnetic fi eld to produce the required 
potential across the output terminals. In 
fact, large modern generators actually 
move the magnetic fi eld, while the 
conductors remain stationary. They do 

this by rotating electromagnets on a spindle so that the fi eld cuts through 
a series of conductors. These conductors are arranged in coils on the 
inside of a cylinder surrounding the spindle. The spinning part with the 
magnets is called the rotor while the cylinder and coils surrounding the 
spindle is the stator. This whole assembly is often called an alternator 
because it produces AC. 

What makes the rotor rotate?
For the generator to work the rotor has to spin. This could be achieved by 
connecting it to an engine such as a diesel engine. However, in most 
large generators a turbine is used. In a turbine, a series of blades or 
vanes are fi xed to a central spindle and these vanes are subject to force 
which makes the spindle turn. What produces this pressure? There are a 
number of sources:

You can learn about energy effi ciency and fi nd out 
more about Energia at www.energia.ie 

How much 
electricity is 
produced?
The output of a power turbine 
is usually stated in megawatts 
(MW) or millions of watts. 

The Energia generator 
produces 401 MW and will 
operate along with the 
company’s existing 343 MW 
machine to feed power to the 
national grid. In order to do 
this, the output must be 
3-phase AC. The use of AC 

allows the voltage to be stepped up to high levels for effi cient 
transmission. If the same power were transmitted at lower voltages, the 
higher electric current involved would lead to major heat loss from the 
transmission conductors. The high voltages are eventually stepped 
down again for use by the customer. 

Power is transmitted across the national grid at 110 kV (kilovolts), 220 kV 
and 400 kV. At various points the voltages are reduced to 38 kV, 20 kV 
and 10 kV. All changes in voltage are accomplished by transformers, 
which also work on the principle of electromagnetic induction. Without 
transformers long distance transmission would not be possible. The 
voltage of the output from the Energia plant is 220 kV. 

One form of energy to another
The Energia turbine generator provides a compelling example of the 
impact of science and technology on society. Imagine life without 
the ability to switch on an affordable and constant supply of electricity 
at work or at home. When we consider the various areas of 
knowledge involved in the design and construction of a turbine generator 
we cannot but be impressed. This is illustrated when we consider the 
overall process in terms of energy conversion and the various fi elds of 
knowledge involved. 

Chemical 
Energy

Heat Energy Kinetic Energy Electrical 
Energy

Where the 
conversion 
takes place:

In the 
combustion 
chamber 

In the turbine In the generator/ 
alternator

Requires 
knowledge 
of:

• Behaviour of 
gases

• Latent heat
• Calorifi c 

values
• Metals and 

alloys

• Behaviour of 
gases

• Design of blades
• Dynamics of 

rotation
• Metals and 

alloys

• Magnetic fi elds
• Electricity
• Power
• Dynamics of 

rotation
• Metals and 

alloys

The scientists and engineers involved in such a project must know their 
fi elds intimately and be able to apply all the laws and principles involved 
and carry out the necessary calculations. These skills have taken us 
from Faraday’s table top experiments to machines like the Energia 
turbine which is 50 metres long. This is surely science and technology 
in action.

 Magnetic Field + 
 Conductor + 
 Movement 

= Potential Difference

Think about Lenz’s 
Law and consider 
why alternating 
current is produced.

Faraday showed that the induced emf depends on the rate at which 
the conductor cuts the through the fl ux of the magnetic fi eld. This is 
his famous Law of Electromagnetic Induction, expressed 
mathematically as d /dt = E

Fig. 2 The combined cycle process
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The Science of Electricity Generation

• In a hydroelectric turbine, a stream of water is used to push the 
turbine blades.

• In a wind turbine, moving air pushes the blades

• In steam turbine, water is heated and turns into steam, which is 
used to create the necessary pressure against the blades. The heat 
needed to heat the water is produced by burning fuel such as coal, 
peat, gas or oil). In nuclear power plants, the nuclear reaction creates 
the heat.

• In a gas turbine, gas is ignited in a stream of compressed air in a 
combustion chamber. The temperature in the chamber might reach 
1,200°C. The mixture of gas and air expands rapidly and is directed 
onto the blades of the turbine making it spin around. The speed of 
rotation is 3,000 rpm (revolutions per minute). 

What is a combined cycle turbine?
In the process described above only a portion of the heat energy from 
the combustion process is actually converted to electrical energy. 
The percentage converted is called the effi ciency of the process. 
Of course, engineers always try to design machines with the highest 
effi ciency possible. In general, gas turbines usually achieve effi ciencies 
of around 40%. Obviously some energy is lost due to friction in the 
spindle bearings. Also a large proportion is emitted in the exhaust gas 
at the end of the process and is wasted. If some of this energy could be 
used to generate more electricity the overall effi ciency of the process 
would be higher. This is what a combined cycle gas turbine (CCGT) 
does. The exhaust heat is sent to a heat recovery steam generator 
(boiler) and used to produce 
steam. The steam then drives a 
turbine that is connected to 
the electricity generator. One 
generator can be connected to 
two steam turbines. The Energia 
generator is a combined cycle 
machine which achieves an 
overall effi ciency of around 56%. 
The gas turbine is one cycle of 
energy conversion and the steam 
turbine is another, hence the term 
combined cycle. The fuel used in 
the Energia plant is natural gas.

Switched on to a better service
Energia is Ireland’s leading independent energy supplier 
(electricity and gas), currently serving the business market. 
Since it was formed in 1999, over 35,000 business customers 
have switched electricity supply on an all-island basis. 
Energia has expertise in all aspects of power supply and energy 
effi ciency management, delivering real choice and long term 
benefi ts to customers.

Energia’s long-term commitment is refl ected in the development 
of the 750 MW power station at Huntstown, Dublin. Huntstown 
was the fi rst independent generator in the Republic with enough 
supply capacity for 200,000 businesses. 

Energia is also aware of the effects of energy on the environment 
and has over 210 MW of renewable or ‘green’ capacity within its 
energy portfolio, enough to supply 20,000 businesses or 130,000 
homes annually. 

This renewable capacity will save approximately 275,000 tonnes 
of CO2 and other harmful emissions from entering the 
atmosphere and is equivalent to taking 65,000 cars off the roads. 
Energia has entered into long-term contracts with developers 
that will underpin the construction of 15 new wind farms in Ireland 
between 2007–2009, with an estimated contract value of €550m. 

Energia is a wholly owned subsidiary of the Viridian Group 
Limited, which also owns Northern Ireland Electricity, the main 
electricity supplier in Northern Ireland. The Group has a turnover 
of approximately €1.5 billion and employs 1,500 staff. 

A member of the Viridian Group Limited

The Science of Electricity Generation
The Irish electricity market opened to full competition for 
business users in 2001 and for domestic users in 2005. 
This meant that new suppliers could obtain a licence to 
generate electricity. Energia is a well known licensed supplier, 
currently serving about 25% of the all-island business market. 
In order to do this Energia must operate a power station 
and feed electricity into the national grid for distribution 
to customers.

Early one morning in October 2006, a convoy about 107 
metres long left Dublin docks and started on a slow careful 
trip up the M50. The 372 tonne load being carried that day 
was a Mitsubishi combined cycle gas turbine generator. 
It was being delivered to Energia for installation in their power 
station at Huntstown, Co. Dublin. In this lesson we take a 
closer look at the new turbine and see how it brings physics 
and chemistry, electrical engineering and mechanical 
engineering together to produce electricity more effi ciently 
and connect to the grid.

What is a generator? 
First we need to review a fundamental 
principle that was discovered and 
demonstrated by Michael Faraday in 
1831. If a conductor moves in a 
magnetic fi eld, cutting through the 
lines of force, a potential difference 
(emf) is produced across the 
conductor. The principle involved is 
called electromagnetic induction. This discovery led to astounding 
changes in society. It underpins the development of the electric motor 
and the ability to generate electricity and distribute it across long 
distances. The earliest generators were called dynamos and the term 
still applies to small ones such as those often used on bicycles.

So, in essence, a generator is a machine 
that can move conductors though a 
magnetic fi eld to produce the required 
potential across the output terminals. In 
fact, large modern generators actually 
move the magnetic fi eld, while the 
conductors remain stationary. They do 

this by rotating electromagnets on a spindle so that the fi eld cuts through 
a series of conductors. These conductors are arranged in coils on the 
inside of a cylinder surrounding the spindle. The spinning part with the 
magnets is called the rotor while the cylinder and coils surrounding the 
spindle is the stator. This whole assembly is often called an alternator 
because it produces AC. 

What makes the rotor rotate?
For the generator to work the rotor has to spin. This could be achieved by 
connecting it to an engine such as a diesel engine. However, in most 
large generators a turbine is used. In a turbine, a series of blades or 
vanes are fi xed to a central spindle and these vanes are subject to force 
which makes the spindle turn. What produces this pressure? There are a 
number of sources:

You can learn about energy effi ciency and fi nd out 
more about Energia at www.energia.ie 

How much 
electricity is 
produced?
The output of a power turbine 
is usually stated in megawatts 
(MW) or millions of watts. 

The Energia generator 
produces 401 MW and will 
operate along with the 
company’s existing 343 MW 
machine to feed power to the 
national grid. In order to do 
this, the output must be 
3-phase AC. The use of AC 

allows the voltage to be stepped up to high levels for effi cient 
transmission. If the same power were transmitted at lower voltages, the 
higher electric current involved would lead to major heat loss from the 
transmission conductors. The high voltages are eventually stepped 
down again for use by the customer. 

Power is transmitted across the national grid at 110 kV (kilovolts), 220 kV 
and 400 kV. At various points the voltages are reduced to 38 kV, 20 kV 
and 10 kV. All changes in voltage are accomplished by transformers, 
which also work on the principle of electromagnetic induction. Without 
transformers long distance transmission would not be possible. The 
voltage of the output from the Energia plant is 220 kV. 

One form of energy to another
The Energia turbine generator provides a compelling example of the 
impact of science and technology on society. Imagine life without 
the ability to switch on an affordable and constant supply of electricity 
at work or at home. When we consider the various areas of 
knowledge involved in the design and construction of a turbine generator 
we cannot but be impressed. This is illustrated when we consider the 
overall process in terms of energy conversion and the various fi elds of 
knowledge involved. 
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The scientists and engineers involved in such a project must know their 
fi elds intimately and be able to apply all the laws and principles involved 
and carry out the necessary calculations. These skills have taken us 
from Faraday’s table top experiments to machines like the Energia 
turbine which is 50 metres long. This is surely science and technology 
in action.

 Magnetic Field + 
 Conductor + 
 Movement 

= Potential Difference

Think about Lenz’s 
Law and consider 
why alternating 
current is produced.

Faraday showed that the induced emf depends on the rate at which 
the conductor cuts the through the fl ux of the magnetic fi eld. This is 
his famous Law of Electromagnetic Induction, expressed 
mathematically as d /dt = E

Fig. 2 The combined cycle process

Conductor

Pump

Steam turbine

Gas turbine

Boiler/heat
exchangerElectric

generators

Fig. 1 The rotor of a gas turbine during installation Fig. 3 A gas turbine in position in 
the lower half of its casing. 

bearing

vanes

Fig. 4 Huntstown power station

NI

D
N

ASCIENCE     TECHNOLOGY
ACTION SECOND EDITIONNI

D
N

ASCIENCE     TECHNOLOGY
 ACTION THIRD EDITION

The Science of Electricity Generation

discovered electromagnetic induction, diamagnetism and electrolysis. 
His concept of lines of force was not accepted by scientists at fi rst. 
Without the discovery of electromagnetism and electromagnetic 
induction we would have no electrical motors, generators or long 
distance power transmission networks. The unit of capacitance, the 
farad, is named after him. Faraday’s lectures for children at the Royal 
Institution were famous. Some were published in 1860 as a book called 
The Chemical History of a Candle. 

Heinrich Lenz (1804–1865) was a German physicist. In fact the town in 
which he was born is now in Estonia. He studied chemistry and physics 
and accompanied a famous Russian explorer Otto von Kotzebue on an 
expedition around the world in order to study the climate and seawater. 
In 1831 he started his studies on electromagnetism. He was also a 
professor in the University of St. Petersburg where he taught mathematics 
and physics. As well as being famous for Lenz’s Law, he also discovered 
Joule’s Law independently.

Read more about other famous scientists on www.sta.ie

Syllabus Reference

Leaving Certifi cate Physics
Electricity

4. Electromagnetic induction: Magnetic fl ux:  = BA, Faraday’s law. 
Lenz’s law. Demonstration of the principle and laws of electromagnetic 
induction. Application in generators. Change of mechanical energy to 
electrical energy.

5. Alternating current. Variation of voltage and current with time, i.e. 
alternating voltages and currents. Use oscilloscope to show a.c. 
The National grid and a.c.

• Natural gas (methane) is burned in the Energia 
power station. The low carbon to hydrogen ratio 
of the gas results in a low emission of carbon 
dioxide for every unit per unit of heat produced, in 
comparison to other hydrocarbon fuels such as 
coal and petroleum.

• The combustion of methane is described chemically as 
CH4 + 2O2  CO2 + 2H2O + heat.

• In a combined cycle power plant here are two different 
thermodynamic cycles. In the gas turbine the Brayton Cycle 
occurs and in the steam turbine the steam turbine the Rankine 
Cycle occurs. 

Learning Outcomes

On completing this section, the student will be able to:

• Outline processes used to generate electricity

• Describe the principle of operation of electricity generators

• Discuss the advantages of using a combined-cycle generator 

• Outline the operation of a gas turbine

• Explain why high voltages are used in the national electricity grid

General Learning Points

• The Energia case presents the opportunity to link with physics 
topics, magnetic fi elds and induction and basic electrical 
terminology such as voltage, current, resistance, impedance, 
watt; AC, DC etc. and with the physics and chemistry of heat 
and combustion.

• An electrical generator is a device that converts kinetic energy 
(mechanical energy) to electrical energy, often using the 
phenomenon of electromagnetic induction. 

• When the generator produces AC it is often called an alternator, 
although this term is mainly used for small machines.

• In reverse, a motor is a device that converts electrical energy into 
mechanical energy. 

• Lenz’s Law states that the magnetic fi eld of any induced current 
opposes the change that induces it.

• A gas turbine is a device that converts the chemical energy of the 
gas into the kinetic energy of rotation. 

• A watt is the unit of power and is defi ned as a joule/second. 
Customers pay for energy measured in kilowatt-hours (1 kWh = 
3,600,000 J).

• The Combined Cycle Gas Turbines in the Energia power station 
are leading edge because they produce good effi ciencies and use 
relatively clean natural gas.

• Since July 2006 national grid is owned and managed by EirGrid. 
The company is called a Transmission System Operator (TSO).

• Suppliers are required to obtain a Licence to Generate Electricity 
and an Authorisation to Construct or Reconstruct a Generating 
Station under the terms of the Electricity Regulation Act 1999.

Student Activity

For this you will need the following:
A few metres of insulated copper wire (e.g. enamelled copper wire), 
a centre-zero galvanometer, a selection of magnets.

Procedure
Take a metre or so of the insulated wire and remove the sleeving (or 
other insulation) from each end (about 1 cm). Connect the ends to the 
terminals of the galvanometer. Move a magnet close to the wire so that 
the wire ‘cuts’ the magnetic fi eld near the pole of the magnet. Does the 
galvanometer needle move a little? Try different magnets. 

Disconnect the wire and wind it around a 1–2 cm diameter former (such 
as a whiteboard marker) leaving the last 5 cm of each end free. Slip this 
coil of wire off the former and secure it with sticky tape. Connect the free 
ends to the galvanometer. Move each of the magnets in turn in and out 
of the coil and observe any effect on the galvanometer. Is there a 
difference between moving the magnet towards the coil and away from it? 
If the magnet is reversed is the effect different? Record your fi ndings.

True or False

Indicate whether the following are true (T) or false (F) by 
drawing a circle around T or F.
(a) It is more effi cient to transmit DC rather than 

AC over long distances. T  F
(b) A transformer can step a voltage up but not down. T  F
(c) The unit of magnetic fl ux density is the tesla or 

weber/m2 ( 1 T = 1 Wb/m2 ) T  F
(d) Electromagnetic induction is the only way 

to produce electricity.  T  F
(e) The highest voltage in the national grid is 220 kV. T  F
(f) Natural gas is one of the dirtiest hydrocarbon fuels. T  F
(g) An alternator is a generator. T  F
(h) In the Energia Mitsubishi generator the magnets 

are on the stator. T  F
(i) A watt is a unit of power. T  F
(j) Energia owns the national grid. T  F

Check your answers to these questions on www.sta.ie

Name another device that is based on electromagnetic induction. 
Name the parts of the transformer labelled A, B and C in the diagram.

Part A has 400 turns of wire and part B has 1200 turns. Part A is 
connected to a 230 V a.c. supply. What is the voltage across part B?

Leaving Certifi cate Physics 2004 (HL)
12. (c) What is electromagnetic induction?

Describe an experiment to demonstrate electromagnetic induction.

A light aluminium ring is suspended from a long thread as 
shown in the diagram. When a strong magnet is moved 
away from it, the ring follows the magnet. Explain why. 
What would happen if the magnet were moved towards 
the ring?

Leaving Certifi cate Physics 2005 (HL)
12. (b) Defi ne magnetic fl ux.

State Faraday’s law of electromagnetic induction.

A square coil of side 5 cm lies perpendicular to a magnetic fi eld of fl ux 
density 4.0 T. The square coil of side 5 cm lies perpendicular to a 
magnetic fi eld of fl ux density 4.0 T. The coil consists of 200 turns of wire.

(i) What is the magnetic fl ux cutting the coil?

(ii) The coil is rotated through an angle of 90° in 0.2 seconds. Calculate 
the magnitude of the average e.m.f. induced in the coil while it is 
being rotated.

See also Leaving Certifi cate Physics 2005 (HL), Q. 11. (b)

For further examples of past paper 
questions check www.sta.ie

Did You Know?

• Smaller generators are often driven by engines. Such a device is 
called generator-engine set or genset.

• Hospitals and other organizations with critical power requirements 
have standby generators installed on their premises.

• The Irish national grid is linked to the Northern Ireland grid at three 
interconnect points and a link with Wales is under way. This enables 
trade of electricity between the countries.

• The word turbine means to spin 

• In Faraday’s time scientists were called natural philosophers.

• Russian scientists refer to Joule’s Law as the Joule-Lenz Law, in 
recognition of Lenz’s independent discovery.

• The annual demand for electricity in Ireland is 27,000 GWh. 
According to EirGrid data, the peak demand for electricity is likely 
for occur on Tuesday, Wednesday or Thursday.  In the summer it could 
less than 4,000 MW, while around Christmas it can over 5,000 MW. 

Revise the Terms

Can you recall the meaning of the following terms? Reviewing 
the terminology is a powerful aid for learning and retention. 

AC; alternator; bearings; combined cycle gas turbine (CCGT); 
conductor; diesel engine; dynamo; effi ciency; electric current; 
electric motor; electrical energy; electrical engineering; 
electromagnetic induction; force; pressure; friction; gas turbine; 
generator; heat energy; heat recovery steam generator; 
hydroelectric ; induction; magnetic fi eld; mechanical engineering; 
megawatt; national grid ; natural gas; nuclear power plants; electric 
potential difference (emf); power station; rotor; rpm (revolutions 
per minute); 3-phase; steam turbine generator; transformer; turbine; 
voltage; watt; wind turbine.

Check the Glossary of Terms for this lesson at www.sta.ie

Examination Questions

Leaving Certifi cate Physics 2003 (HL)
12. (d) State the laws of electromagnetic induction.

A small magnet is attached to a 
spring as shown in the diagram. 
The magnet is set oscillating up and 
down. Describe the current fl owing in 
the circuit.

If the switch at A is open, the 
magnet will take longer to come to 
rest. Explain why.

Leaving Certifi cate Physics 
2004 (OL)
12. (c) A transformer is a 
device based on the principle of 
electromagnetic induction. What is 
electromagnetic induction? A

230 V

BC

V

Biographical Notes

Michael Faraday (1791–1867) is one of the most famous scientists of all 
time. He was an experimental scientist who did not have a mathematical 
education. He contributed to many areas of chemistry and physics and 
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• In a hydroelectric turbine, a stream of water is used to push the 
turbine blades.

• In a wind turbine, moving air pushes the blades

• In steam turbine, water is heated and turns into steam, which is 
used to create the necessary pressure against the blades. The heat 
needed to heat the water is produced by burning fuel such as coal, 
peat, gas or oil). In nuclear power plants, the nuclear reaction creates 
the heat.

• In a gas turbine, gas is ignited in a stream of compressed air in a 
combustion chamber. The temperature in the chamber might reach 
1,200°C. The mixture of gas and air expands rapidly and is directed 
onto the blades of the turbine making it spin around. The speed of 
rotation is 3,000 rpm (revolutions per minute). 

What is a combined cycle turbine?
In the process described above only a portion of the heat energy from 
the combustion process is actually converted to electrical energy. 
The percentage converted is called the effi ciency of the process. 
Of course, engineers always try to design machines with the highest 
effi ciency possible. In general, gas turbines usually achieve effi ciencies 
of around 40%. Obviously some energy is lost due to friction in the 
spindle bearings. Also a large proportion is emitted in the exhaust gas 
at the end of the process and is wasted. If some of this energy could be 
used to generate more electricity the overall effi ciency of the process 
would be higher. This is what a combined cycle gas turbine (CCGT) 
does. The exhaust heat is sent to a heat recovery steam generator 
(boiler) and used to produce 
steam. The steam then drives a 
turbine that is connected to 
the electricity generator. One 
generator can be connected to 
two steam turbines. The Energia 
generator is a combined cycle 
machine which achieves an 
overall effi ciency of around 56%. 
The gas turbine is one cycle of 
energy conversion and the steam 
turbine is another, hence the term 
combined cycle. The fuel used in 
the Energia plant is natural gas.

Switched on to a better service
Energia is Ireland’s leading independent energy supplier 
(electricity and gas), currently serving the business market. 
Since it was formed in 1999, over 35,000 business customers 
have switched electricity supply on an all-island basis. 
Energia has expertise in all aspects of power supply and energy 
effi ciency management, delivering real choice and long term 
benefi ts to customers.

Energia’s long-term commitment is refl ected in the development 
of the 750 MW power station at Huntstown, Dublin. Huntstown 
was the fi rst independent generator in the Republic with enough 
supply capacity for 200,000 businesses. 

Energia is also aware of the effects of energy on the environment 
and has over 210 MW of renewable or ‘green’ capacity within its 
energy portfolio, enough to supply 20,000 businesses or 130,000 
homes annually. 

This renewable capacity will save approximately 275,000 tonnes 
of CO2 and other harmful emissions from entering the 
atmosphere and is equivalent to taking 65,000 cars off the roads. 
Energia has entered into long-term contracts with developers 
that will underpin the construction of 15 new wind farms in Ireland 
between 2007–2009, with an estimated contract value of €550m. 

Energia is a wholly owned subsidiary of the Viridian Group 
Limited, which also owns Northern Ireland Electricity, the main 
electricity supplier in Northern Ireland. The Group has a turnover 
of approximately €1.5 billion and employs 1,500 staff. 

A member of the Viridian Group Limited

The Science of Electricity Generation
The Irish electricity market opened to full competition for 
business users in 2001 and for domestic users in 2005. 
This meant that new suppliers could obtain a licence to 
generate electricity. Energia is a well known licensed supplier, 
currently serving about 25% of the all-island business market. 
In order to do this Energia must operate a power station 
and feed electricity into the national grid for distribution 
to customers.

Early one morning in October 2006, a convoy about 107 
metres long left Dublin docks and started on a slow careful 
trip up the M50. The 372 tonne load being carried that day 
was a Mitsubishi combined cycle gas turbine generator. 
It was being delivered to Energia for installation in their power 
station at Huntstown, Co. Dublin. In this lesson we take a 
closer look at the new turbine and see how it brings physics 
and chemistry, electrical engineering and mechanical 
engineering together to produce electricity more effi ciently 
and connect to the grid.

What is a generator? 
First we need to review a fundamental 
principle that was discovered and 
demonstrated by Michael Faraday in 
1831. If a conductor moves in a 
magnetic fi eld, cutting through the 
lines of force, a potential difference 
(emf) is produced across the 
conductor. The principle involved is 
called electromagnetic induction. This discovery led to astounding 
changes in society. It underpins the development of the electric motor 
and the ability to generate electricity and distribute it across long 
distances. The earliest generators were called dynamos and the term 
still applies to small ones such as those often used on bicycles.

So, in essence, a generator is a machine 
that can move conductors though a 
magnetic fi eld to produce the required 
potential across the output terminals. In 
fact, large modern generators actually 
move the magnetic fi eld, while the 
conductors remain stationary. They do 

this by rotating electromagnets on a spindle so that the fi eld cuts through 
a series of conductors. These conductors are arranged in coils on the 
inside of a cylinder surrounding the spindle. The spinning part with the 
magnets is called the rotor while the cylinder and coils surrounding the 
spindle is the stator. This whole assembly is often called an alternator 
because it produces AC. 

What makes the rotor rotate?
For the generator to work the rotor has to spin. This could be achieved by 
connecting it to an engine such as a diesel engine. However, in most 
large generators a turbine is used. In a turbine, a series of blades or 
vanes are fi xed to a central spindle and these vanes are subject to force 
which makes the spindle turn. What produces this pressure? There are a 
number of sources:

You can learn about energy effi ciency and fi nd out 
more about Energia at www.energia.ie 

How much 
electricity is 
produced?
The output of a power turbine 
is usually stated in megawatts 
(MW) or millions of watts. 

The Energia generator 
produces 401 MW and will 
operate along with the 
company’s existing 343 MW 
machine to feed power to the 
national grid. In order to do 
this, the output must be 
3-phase AC. The use of AC 

allows the voltage to be stepped up to high levels for effi cient 
transmission. If the same power were transmitted at lower voltages, the 
higher electric current involved would lead to major heat loss from the 
transmission conductors. The high voltages are eventually stepped 
down again for use by the customer. 

Power is transmitted across the national grid at 110 kV (kilovolts), 220 kV 
and 400 kV. At various points the voltages are reduced to 38 kV, 20 kV 
and 10 kV. All changes in voltage are accomplished by transformers, 
which also work on the principle of electromagnetic induction. Without 
transformers long distance transmission would not be possible. The 
voltage of the output from the Energia plant is 220 kV. 

One form of energy to another
The Energia turbine generator provides a compelling example of the 
impact of science and technology on society. Imagine life without 
the ability to switch on an affordable and constant supply of electricity 
at work or at home. When we consider the various areas of 
knowledge involved in the design and construction of a turbine generator 
we cannot but be impressed. This is illustrated when we consider the 
overall process in terms of energy conversion and the various fi elds of 
knowledge involved. 
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The scientists and engineers involved in such a project must know their 
fi elds intimately and be able to apply all the laws and principles involved 
and carry out the necessary calculations. These skills have taken us 
from Faraday’s table top experiments to machines like the Energia 
turbine which is 50 metres long. This is surely science and technology 
in action.

 Magnetic Field + 
 Conductor + 
 Movement 

= Potential Difference

Think about Lenz’s 
Law and consider 
why alternating 
current is produced.

Faraday showed that the induced emf depends on the rate at which 
the conductor cuts the through the fl ux of the magnetic fi eld. This is 
his famous Law of Electromagnetic Induction, expressed 
mathematically as d /dt = E

Fig. 2 The combined cycle process
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The Science of Electricity Generation

• In a hydroelectric turbine, a stream of water is used to push the 
turbine blades.

• In a wind turbine, moving air pushes the blades

• In steam turbine, water is heated and turns into steam, which is 
used to create the necessary pressure against the blades. The heat 
needed to heat the water is produced by burning fuel such as coal, 
peat, gas or oil). In nuclear power plants, the nuclear reaction creates 
the heat.

• In a gas turbine, gas is ignited in a stream of compressed air in a 
combustion chamber. The temperature in the chamber might reach 
1,200°C. The mixture of gas and air expands rapidly and is directed 
onto the blades of the turbine making it spin around. The speed of 
rotation is 3,000 rpm (revolutions per minute). 

What is a combined cycle turbine?
In the process described above only a portion of the heat energy from 
the combustion process is actually converted to electrical energy. 
The percentage converted is called the effi ciency of the process. 
Of course, engineers always try to design machines with the highest 
effi ciency possible. In general, gas turbines usually achieve effi ciencies 
of around 40%. Obviously some energy is lost due to friction in the 
spindle bearings. Also a large proportion is emitted in the exhaust gas 
at the end of the process and is wasted. If some of this energy could be 
used to generate more electricity the overall effi ciency of the process 
would be higher. This is what a combined cycle gas turbine (CCGT) 
does. The exhaust heat is sent to a heat recovery steam generator 
(boiler) and used to produce 
steam. The steam then drives a 
turbine that is connected to 
the electricity generator. One 
generator can be connected to 
two steam turbines. The Energia 
generator is a combined cycle 
machine which achieves an 
overall effi ciency of around 56%. 
The gas turbine is one cycle of 
energy conversion and the steam 
turbine is another, hence the term 
combined cycle. The fuel used in 
the Energia plant is natural gas.

Switched on to a better service
Energia is Ireland’s leading independent energy supplier 
(electricity and gas), currently serving the business market. 
Since it was formed in 1999, over 35,000 business customers 
have switched electricity supply on an all-island basis. 
Energia has expertise in all aspects of power supply and energy 
effi ciency management, delivering real choice and long term 
benefi ts to customers.

Energia’s long-term commitment is refl ected in the development 
of the 750 MW power station at Huntstown, Dublin. Huntstown 
was the fi rst independent generator in the Republic with enough 
supply capacity for 200,000 businesses. 

Energia is also aware of the effects of energy on the environment 
and has over 210 MW of renewable or ‘green’ capacity within its 
energy portfolio, enough to supply 20,000 businesses or 130,000 
homes annually. 

This renewable capacity will save approximately 275,000 tonnes 
of CO2 and other harmful emissions from entering the 
atmosphere and is equivalent to taking 65,000 cars off the roads. 
Energia has entered into long-term contracts with developers 
that will underpin the construction of 15 new wind farms in Ireland 
between 2007–2009, with an estimated contract value of €550m. 

Energia is a wholly owned subsidiary of the Viridian Group 
Limited, which also owns Northern Ireland Electricity, the main 
electricity supplier in Northern Ireland. The Group has a turnover 
of approximately €1.5 billion and employs 1,500 staff. 

A member of the Viridian Group Limited

The Science of Electricity Generation
The Irish electricity market opened to full competition for 
business users in 2001 and for domestic users in 2005. 
This meant that new suppliers could obtain a licence to 
generate electricity. Energia is a well known licensed supplier, 
currently serving about 25% of the all-island business market. 
In order to do this Energia must operate a power station 
and feed electricity into the national grid for distribution 
to customers.

Early one morning in October 2006, a convoy about 107 
metres long left Dublin docks and started on a slow careful 
trip up the M50. The 372 tonne load being carried that day 
was a Mitsubishi combined cycle gas turbine generator. 
It was being delivered to Energia for installation in their power 
station at Huntstown, Co. Dublin. In this lesson we take a 
closer look at the new turbine and see how it brings physics 
and chemistry, electrical engineering and mechanical 
engineering together to produce electricity more effi ciently 
and connect to the grid.

What is a generator? 
First we need to review a fundamental 
principle that was discovered and 
demonstrated by Michael Faraday in 
1831. If a conductor moves in a 
magnetic fi eld, cutting through the 
lines of force, a potential difference 
(emf) is produced across the 
conductor. The principle involved is 
called electromagnetic induction. This discovery led to astounding 
changes in society. It underpins the development of the electric motor 
and the ability to generate electricity and distribute it across long 
distances. The earliest generators were called dynamos and the term 
still applies to small ones such as those often used on bicycles.

So, in essence, a generator is a machine 
that can move conductors though a 
magnetic fi eld to produce the required 
potential across the output terminals. In 
fact, large modern generators actually 
move the magnetic fi eld, while the 
conductors remain stationary. They do 

this by rotating electromagnets on a spindle so that the fi eld cuts through 
a series of conductors. These conductors are arranged in coils on the 
inside of a cylinder surrounding the spindle. The spinning part with the 
magnets is called the rotor while the cylinder and coils surrounding the 
spindle is the stator. This whole assembly is often called an alternator 
because it produces AC. 

What makes the rotor rotate?
For the generator to work the rotor has to spin. This could be achieved by 
connecting it to an engine such as a diesel engine. However, in most 
large generators a turbine is used. In a turbine, a series of blades or 
vanes are fi xed to a central spindle and these vanes are subject to force 
which makes the spindle turn. What produces this pressure? There are a 
number of sources:

You can learn about energy effi ciency and fi nd out 
more about Energia at www.energia.ie 

How much 
electricity is 
produced?
The output of a power turbine 
is usually stated in megawatts 
(MW) or millions of watts. 

The Energia generator 
produces 401 MW and will 
operate along with the 
company’s existing 343 MW 
machine to feed power to the 
national grid. In order to do 
this, the output must be 
3-phase AC. The use of AC 

allows the voltage to be stepped up to high levels for effi cient 
transmission. If the same power were transmitted at lower voltages, the 
higher electric current involved would lead to major heat loss from the 
transmission conductors. The high voltages are eventually stepped 
down again for use by the customer. 

Power is transmitted across the national grid at 110 kV (kilovolts), 220 kV 
and 400 kV. At various points the voltages are reduced to 38 kV, 20 kV 
and 10 kV. All changes in voltage are accomplished by transformers, 
which also work on the principle of electromagnetic induction. Without 
transformers long distance transmission would not be possible. The 
voltage of the output from the Energia plant is 220 kV. 

One form of energy to another
The Energia turbine generator provides a compelling example of the 
impact of science and technology on society. Imagine life without 
the ability to switch on an affordable and constant supply of electricity 
at work or at home. When we consider the various areas of 
knowledge involved in the design and construction of a turbine generator 
we cannot but be impressed. This is illustrated when we consider the 
overall process in terms of energy conversion and the various fi elds of 
knowledge involved. 
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The scientists and engineers involved in such a project must know their 
fi elds intimately and be able to apply all the laws and principles involved 
and carry out the necessary calculations. These skills have taken us 
from Faraday’s table top experiments to machines like the Energia 
turbine which is 50 metres long. This is surely science and technology 
in action.
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The Science of Electricity Generation

discovered electromagnetic induction, diamagnetism and electrolysis. 
His concept of lines of force was not accepted by scientists at fi rst. 
Without the discovery of electromagnetism and electromagnetic 
induction we would have no electrical motors, generators or long 
distance power transmission networks. The unit of capacitance, the 
farad, is named after him. Faraday’s lectures for children at the Royal 
Institution were famous. Some were published in 1860 as a book called 
The Chemical History of a Candle. 

Heinrich Lenz (1804–1865) was a German physicist. In fact the town in 
which he was born is now in Estonia. He studied chemistry and physics 
and accompanied a famous Russian explorer Otto von Kotzebue on an 
expedition around the world in order to study the climate and seawater. 
In 1831 he started his studies on electromagnetism. He was also a 
professor in the University of St. Petersburg where he taught mathematics 
and physics. As well as being famous for Lenz’s Law, he also discovered 
Joule’s Law independently.

Read more about other famous scientists on www.sta.ie

Syllabus Reference

Leaving Certifi cate Physics
Electricity

4. Electromagnetic induction: Magnetic fl ux:  = BA, Faraday’s law. 
Lenz’s law. Demonstration of the principle and laws of electromagnetic 
induction. Application in generators. Change of mechanical energy to 
electrical energy.

5. Alternating current. Variation of voltage and current with time, i.e. 
alternating voltages and currents. Use oscilloscope to show a.c. 
The National grid and a.c.

• Natural gas (methane) is burned in the Energia 
power station. The low carbon to hydrogen ratio 
of the gas results in a low emission of carbon 
dioxide for every unit per unit of heat produced, in 
comparison to other hydrocarbon fuels such as 
coal and petroleum.

• The combustion of methane is described chemically as 
CH4 + 2O2  CO2 + 2H2O + heat.

• In a combined cycle power plant here are two different 
thermodynamic cycles. In the gas turbine the Brayton Cycle 
occurs and in the steam turbine the steam turbine the Rankine 
Cycle occurs. 

Learning Outcomes

On completing this section, the student will be able to:

• Outline processes used to generate electricity

• Describe the principle of operation of electricity generators

• Discuss the advantages of using a combined-cycle generator 

• Outline the operation of a gas turbine

• Explain why high voltages are used in the national electricity grid

General Learning Points

• The Energia case presents the opportunity to link with physics 
topics, magnetic fi elds and induction and basic electrical 
terminology such as voltage, current, resistance, impedance, 
watt; AC, DC etc. and with the physics and chemistry of heat 
and combustion.

• An electrical generator is a device that converts kinetic energy 
(mechanical energy) to electrical energy, often using the 
phenomenon of electromagnetic induction. 

• When the generator produces AC it is often called an alternator, 
although this term is mainly used for small machines.

• In reverse, a motor is a device that converts electrical energy into 
mechanical energy. 

• Lenz’s Law states that the magnetic fi eld of any induced current 
opposes the change that induces it.

• A gas turbine is a device that converts the chemical energy of the 
gas into the kinetic energy of rotation. 

• A watt is the unit of power and is defi ned as a joule/second. 
Customers pay for energy measured in kilowatt-hours (1 kWh = 
3,600,000 J).

• The Combined Cycle Gas Turbines in the Energia power station 
are leading edge because they produce good effi ciencies and use 
relatively clean natural gas.

• Since July 2006 national grid is owned and managed by EirGrid. 
The company is called a Transmission System Operator (TSO).

• Suppliers are required to obtain a Licence to Generate Electricity 
and an Authorisation to Construct or Reconstruct a Generating 
Station under the terms of the Electricity Regulation Act 1999.

Student Activity

For this you will need the following:
A few metres of insulated copper wire (e.g. enamelled copper wire), 
a centre-zero galvanometer, a selection of magnets.

Procedure
Take a metre or so of the insulated wire and remove the sleeving (or 
other insulation) from each end (about 1 cm). Connect the ends to the 
terminals of the galvanometer. Move a magnet close to the wire so that 
the wire ‘cuts’ the magnetic fi eld near the pole of the magnet. Does the 
galvanometer needle move a little? Try different magnets. 

Disconnect the wire and wind it around a 1–2 cm diameter former (such 
as a whiteboard marker) leaving the last 5 cm of each end free. Slip this 
coil of wire off the former and secure it with sticky tape. Connect the free 
ends to the galvanometer. Move each of the magnets in turn in and out 
of the coil and observe any effect on the galvanometer. Is there a 
difference between moving the magnet towards the coil and away from it? 
If the magnet is reversed is the effect different? Record your fi ndings.

True or False

Indicate whether the following are true (T) or false (F) by 
drawing a circle around T or F.
(a) It is more effi cient to transmit DC rather than 

AC over long distances. T  F
(b) A transformer can step a voltage up but not down. T  F
(c) The unit of magnetic fl ux density is the tesla or 

weber/m2 ( 1 T = 1 Wb/m2 ) T  F
(d) Electromagnetic induction is the only way 

to produce electricity.  T  F
(e) The highest voltage in the national grid is 220 kV. T  F
(f) Natural gas is one of the dirtiest hydrocarbon fuels. T  F
(g) An alternator is a generator. T  F
(h) In the Energia Mitsubishi generator the magnets 

are on the stator. T  F
(i) A watt is a unit of power. T  F
(j) Energia owns the national grid. T  F

Check your answers to these questions on www.sta.ie

Name another device that is based on electromagnetic induction. 
Name the parts of the transformer labelled A, B and C in the diagram.

Part A has 400 turns of wire and part B has 1200 turns. Part A is 
connected to a 230 V a.c. supply. What is the voltage across part B?

Leaving Certifi cate Physics 2004 (HL)
12. (c) What is electromagnetic induction?

Describe an experiment to demonstrate electromagnetic induction.

A light aluminium ring is suspended from a long thread as 
shown in the diagram. When a strong magnet is moved 
away from it, the ring follows the magnet. Explain why. 
What would happen if the magnet were moved towards 
the ring?

Leaving Certifi cate Physics 2005 (HL)
12. (b) Defi ne magnetic fl ux.

State Faraday’s law of electromagnetic induction.

A square coil of side 5 cm lies perpendicular to a magnetic fi eld of fl ux 
density 4.0 T. The square coil of side 5 cm lies perpendicular to a 
magnetic fi eld of fl ux density 4.0 T. The coil consists of 200 turns of wire.

(i) What is the magnetic fl ux cutting the coil?

(ii) The coil is rotated through an angle of 90° in 0.2 seconds. Calculate 
the magnitude of the average e.m.f. induced in the coil while it is 
being rotated.

See also Leaving Certifi cate Physics 2005 (HL), Q. 11. (b)

For further examples of past paper 
questions check www.sta.ie

Did You Know?

• Smaller generators are often driven by engines. Such a device is 
called generator-engine set or genset.

• Hospitals and other organizations with critical power requirements 
have standby generators installed on their premises.

• The Irish national grid is linked to the Northern Ireland grid at three 
interconnect points and a link with Wales is under way. This enables 
trade of electricity between the countries.

• The word turbine means to spin 

• In Faraday’s time scientists were called natural philosophers.

• Russian scientists refer to Joule’s Law as the Joule-Lenz Law, in 
recognition of Lenz’s independent discovery.

• The annual demand for electricity in Ireland is 27,000 GWh. 
According to EirGrid data, the peak demand for electricity is likely 
for occur on Tuesday, Wednesday or Thursday.  In the summer it could 
less than 4,000 MW, while around Christmas it can over 5,000 MW. 

Revise the Terms

Can you recall the meaning of the following terms? Reviewing 
the terminology is a powerful aid for learning and retention. 

AC; alternator; bearings; combined cycle gas turbine (CCGT); 
conductor; diesel engine; dynamo; effi ciency; electric current; 
electric motor; electrical energy; electrical engineering; 
electromagnetic induction; force; pressure; friction; gas turbine; 
generator; heat energy; heat recovery steam generator; 
hydroelectric ; induction; magnetic fi eld; mechanical engineering; 
megawatt; national grid ; natural gas; nuclear power plants; electric 
potential difference (emf); power station; rotor; rpm (revolutions 
per minute); 3-phase; steam turbine generator; transformer; turbine; 
voltage; watt; wind turbine.

Check the Glossary of Terms for this lesson at www.sta.ie

Examination Questions

Leaving Certifi cate Physics 2003 (HL)
12. (d) State the laws of electromagnetic induction.

A small magnet is attached to a 
spring as shown in the diagram. 
The magnet is set oscillating up and 
down. Describe the current fl owing in 
the circuit.

If the switch at A is open, the 
magnet will take longer to come to 
rest. Explain why.

Leaving Certifi cate Physics 
2004 (OL)
12. (c) A transformer is a 
device based on the principle of 
electromagnetic induction. What is 
electromagnetic induction? A

230 V

BC

V

Biographical Notes

Michael Faraday (1791–1867) is one of the most famous scientists of all 
time. He was an experimental scientist who did not have a mathematical 
education. He contributed to many areas of chemistry and physics and 


