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Choice of conductor
Apart from superconductors, silver is the 
best conductor of electricity, followed by 
copper (95% of the conductivity of silver), 
gold (69%) and aluminium (60%). If 1 kg of 
silver were made into a wire 1 km in length 
its resistance would be 168 Ω. If the same 
were done with 1 kg of copper the resistance 
would be 150 Ω. For gold and aluminium 
the resistances would be 440 Ω and 72 Ω 
respectively. The reason for this is that the 

area of cross section of the aluminium wire would be much greater than all 
the others because of its low density; this 
would give it the lowest resistance 
(and best conductivity) per unit mass. 
Aluminium is also the best choice in terms
of cost. However, in practice an alloy of aluminium is 
used in transmission lines to 
give it greater strength, although it has 
about 10% more resistance.

Other losses
Energy can be lost in transmission in other ways, apart from resistive 
heating of the conducting cables. Alternating currents in power lines produce 
alternating magnetic fi elds which induce currents in nearby lines. These 
inductive effect can be reduced by separating the conductors as much as is 
reasonably possible. 

Any pair of conductors that are near one another can act as a capacitor, 
storing energy in an electric fi eld. In AC systems inductive and capacitive 
effects are unavoidable but they reduce the power delivered to the end 
user. These effects can be largely overcome by using direct current 
transmission. However, stepping DC up or down is more costly and so 
DC transmission is economical only for long, uninterrupted cables such as 
the sub-sea East–West Interconnector between Ireland and the U.K. 

Skin effect and corona discharge
When large conductors carry large alternating currents (e.g. 2000 A) much 
of the current is confi ned to the outer layer 
or ‘skin’ of the conductor. The skin depth 
depends on the material and on the frequency. 
At 50 Hz the skin depth is around 8 mm for 
copper and around 10 mm for aluminium. 
The net effect is an increase in the apparent 
resistance of the conductor. The effect is 
reduced by the use of multicore cable; such 
cable is also more fl exible and durable. 

At very high potentials (e.g. 500 kV) the air 
near the cable may become ionised and 
capable of conducting electric current to other 
cables or to pylons. Apart from a loss of power 
the resulting ‘arcing’ or ‘corona discharge’ 
creates noise and electromagnetic interference 
and may damage cables and insulation. The 
larger the diameter of the cable the less the 
effect. The corona effect is also reduced by the 
use of multiple smaller cables (typically four) 
instead of one large cable. Their larger surface 
area keeps them cooler and they are commonly 
used today in transmission lines (right).

Saving energy
Today we are becoming increasing aware of the need to make more effi cient 
use of non-renewable energy resources. Traditional fossil fuel power 
stations are less than 40% effi cient. In other words, more than 60% of the 
energy in the fuel is lost as heat to the environment. By combining district 
heating with power generation effi ciencies of 60% to 80% can be achieved.

Before we can use it electricity must get to the end users. This is done 
through the transmission and distribution systems. Metallic conductors, 
such as copper and aluminium, carry the electric current to our homes 
and places of work. However, some energy is lost along the way as heat 
because even the best conductors have some electrical resistance. 
These losses have been reduced from about 13% in 1960 to about 7.5% 
in 2016. Can we reduce these losses even further?

Some background
In a letter dated 20th March 1800 Alessandro Volta (1745–1827) described 
the construction of a battery. He demonstrated his invention in Paris and 
news of the device spread quickly. For the fi rst time a continuous electric 
current could be generated and scientists in Europe and America began 
experimenting with their own versions of the battery.

Before long they had discovered two effects of electric current:

• a heating effect and
• a chemical effect.

That year (1800) Nicholson and Carlisle decomposed water into hydrogen 
and oxygen ― a process known as electrolysis.  Around 1808 Humphry 
Davy discovered several new elements using electrolysis: potassium, 
sodium, barium, calcium and magnesium. It is somewhat surprising that the 
magnetic effect of electric current was not discovered until 1820.

Although the heating effect of electric current is more obvious it was not 
studied in detail until the 1840s. Part of the reason for this was the rather 
poor understanding at that time of the concepts of heat and energy — 
concepts that we take for granted today. 

Joule’s Law
James Joule (1818–1889) spent much of his life studying these two 
concepts. In 1840 he replaced steam engines in his brewery with 
recently developed electric motors. He began to study the heat loss from 
conductors. Even the best conductors (silver and copper) show some 
resistance to electric current and may become quite hot if they carry a large 
electric current. 

In 1841 Joule discovered that the rate of heat loss from a conductor was 
proportional to its resistance multiplied by the square of the electric current. 
Today we express this relationship mathematically as follows: P = R × I 2 

where P is the power (that is the energy produced per unit time), R is the 
resistance and I is the electric current. This was an important discovery. 

An example
The electrical resistance of a piece of copper wire 100 metres long and 
0.7 millimetre in diameter is approximately one ohm (R = 1 Ω ). If this wire 
carries a current of 2 amperes then the heat loss per second is given by: (P) 
=  (1)(22) J/s = 4 J/s. If the length of the wire were ten times greater (i.e. 1 
km), then the resistance would be ten ohms and the rate of heat loss would 
be (10)(22) or 40 J/s. 

However, if the electric current were now made ten times greater the rate 
of heat loss would be a hundred times greater: (10)(202) = 4000 J/s. So, 
energy loss can be minimised by keeping the electric current low.

Electric power
The power transferred over electric cables depends on the voltage 
and the current. This can be written as follows: P = V × I , where P is 
the power (that is the energy per unit time), V is the electric potential 
(or voltage) and I is the electric current. 

In Ireland, and in Europe generally, the domestic electricity supply 
operates at about 240 volts. On this system a jug kettle with a current 
of 10 amperes would have a power of: 240 V × 10 A = 2400 watts. 
In other words, it would transfer 2400 joules per second to the water in 
the kettle. It would raise the temperature of a litre of water by more than 
half a degree every second, since the specifi c heat capacity of water 
is about 4200 J kg−1 K−1 (2400 /4200= 0.57)

Why we use high voltage in transmission
The main power transmission lines in Ireland operate at 110 kV to 400 kV 
of alternating current. For simplicity assume that these lines operate at 
direct current. In that case, if a 220 kV line can safely carry a current of 1000 
amperes then the maximum power that can be transmitted on it is 220 MW.

 P = (220,000 V ) × (1000 A ) = 220,000,000 W = 220 MW

To transmit the same power at 110,000 volts would require a current of 
2000 amperes; this would exceed the limit of that conductor. Power can 
be transmitted much more effi ciently by using high voltage. 

As we saw earlier, the energy loss is proportional to the square of the 
current, so by halving the current the energy loss would be reduced 
to 25% of it previous value. Distribution lines operate at lower voltage 
and so the total current in them is much greater than in transmission lines. 
Also, distribution lines are shorter but there are more of them. 
For this reason distribution losses are typically 3 to 6 times greater than 
transmission losses. 

Minimising energy loss 
in power transmission

EirGrid is responsible for a safe, secure and reliable supply 
of electricity: Now and in the future. 

We develop, manage and operate the electricity transmission 
grid. This brings power from where it is generated to where 
it is needed – throughout Ireland. We use our grid to supply 
power to industry and businesses that use large amounts 
of electricity. Our grid also powers the distribution network. 
This supplies the electricity you use everyday in your homes, 
businesses, schools, hospitals, and farms.

We develop new electricity infrastructure only when required. 
EirGrid is a state-owned company, but we answer to 
government and to regulators. We work for the benefi t and 
safety of every citizen in Ireland; we abide by strict laws 
and safety standards. 

You can fi nd out more about the work of EirGrid at 
www.eirgrid.com

Find this and other lessons on www.sta.ie
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Symbol Meaning

Electric 
current I = Q/t ampere A = C/s

the rate of fl ow of electric 
charge in coulombs per second 

Electric 
charge Q = I t coulomb C = A s

the electric charge transferred 
by one ampere in one second 

Electric 
potential 
(voltage)

V = E/Q volt V = J/C
the energy carrier by each 
coulomb; one volt is one joule 
per coulomb

Energy E 
joule

kilowatt-
hour

J = N m

kW h

energy is the capacity to do 
work, so work and energy have 
the same unit (the joule); 
1 kW h = 3,600,000 J or 3.6 MJ
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Step-down transformer
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Choice of conductor
Apart from superconductors, silver is the 
best conductor of electricity, followed by 
copper (95% of the conductivity of silver), 
gold (69%) and aluminium (60%). If 1 kg of 
silver were made into a wire 1 km in length 
its resistance would be 168 Ω. If the same 
were done with 1 kg of copper the resistance 
would be 150 Ω. For gold and aluminium 
the resistances would be 440 Ω and 72 Ω 
respectively. The reason for this is that the 

area of cross section of the aluminium wire would be much greater than all 
the others because of its low density; this 
would give it the lowest resistance 
(and best conductivity) per unit mass. 
Aluminium is also the best choice in terms
of cost. However, in practice an alloy of aluminium is 
used in transmission lines to 
give it greater strength, although it has 
about 10% more resistance.

Other losses
Energy can be lost in transmission in other ways, apart from resistive 
heating of the conducting cables. Alternating currents in power lines produce 
alternating magnetic fi elds which induce currents in nearby lines. These 
inductive effect can be reduced by separating the conductors as much as is 
reasonably possible. 

Any pair of conductors that are near one another can act as a capacitor, 
storing energy in an electric fi eld. In AC systems inductive and capacitive 
effects are unavoidable but they reduce the power delivered to the end 
user. These effects can be largely overcome by using direct current 
transmission. However, stepping DC up or down is more costly and so 
DC transmission is economical only for long, uninterrupted cables such as 
the sub-sea East–West Interconnector between Ireland and the U.K. 

Skin effect and corona discharge
When large conductors carry large alternating currents (e.g. 2000 A) much 
of the current is confi ned to the outer layer 
or ‘skin’ of the conductor. The skin depth 
depends on the material and on the frequency. 
At 50 Hz the skin depth is around 8 mm for 
copper and around 10 mm for aluminium. 
The net effect is an increase in the apparent 
resistance of the conductor. The effect is 
reduced by the use of multicore cable; such 
cable is also more fl exible and durable. 

At very high potentials (e.g. 500 kV) the air 
near the cable may become ionised and 
capable of conducting electric current to other 
cables or to pylons. Apart from a loss of power 
the resulting ‘arcing’ or ‘corona discharge’ 
creates noise and electromagnetic interference 
and may damage cables and insulation. The 
larger the diameter of the cable the less the 
effect. The corona effect is also reduced by the 
use of multiple smaller cables (typically four) 
instead of one large cable. Their larger surface 
area keeps them cooler and they are commonly 
used today in transmission lines (right).

Saving energy
Today we are becoming increasing aware of the need to make more effi cient 
use of non-renewable energy resources. Traditional fossil fuel power 
stations are less than 40% effi cient. In other words, more than 60% of the 
energy in the fuel is lost as heat to the environment. By combining district 
heating with power generation effi ciencies of 60% to 80% can be achieved.

Before we can use it electricity must get to the end users. This is done 
through the transmission and distribution systems. Metallic conductors, 
such as copper and aluminium, carry the electric current to our homes 
and places of work. However, some energy is lost along the way as heat 
because even the best conductors have some electrical resistance. 
These losses have been reduced from about 13% in 1960 to about 7.5% 
in 2016. Can we reduce these losses even further?

Some background
In a letter dated 20th March 1800 Alessandro Volta (1745–1827) described 
the construction of a battery. He demonstrated his invention in Paris and 
news of the device spread quickly. For the fi rst time a continuous electric 
current could be generated and scientists in Europe and America began 
experimenting with their own versions of the battery.

Before long they had discovered two effects of electric current:

• a heating effect and
• a chemical effect.

That year (1800) Nicholson and Carlisle decomposed water into hydrogen 
and oxygen ― a process known as electrolysis.  Around 1808 Humphry 
Davy discovered several new elements using electrolysis: potassium, 
sodium, barium, calcium and magnesium. It is somewhat surprising that the 
magnetic effect of electric current was not discovered until 1820.

Although the heating effect of electric current is more obvious it was not 
studied in detail until the 1840s. Part of the reason for this was the rather 
poor understanding at that time of the concepts of heat and energy — 
concepts that we take for granted today. 

Joule’s Law
James Joule (1818–1889) spent much of his life studying these two 
concepts. In 1840 he replaced steam engines in his brewery with 
recently developed electric motors. He began to study the heat loss from 
conductors. Even the best conductors (silver and copper) show some 
resistance to electric current and may become quite hot if they carry a large 
electric current. 

In 1841 Joule discovered that the rate of heat loss from a conductor was 
proportional to its resistance multiplied by the square of the electric current. 
Today we express this relationship mathematically as follows: P = R × I 2 

where P is the power (that is the energy produced per unit time), R is the 
resistance and I is the electric current. This was an important discovery. 

An example
The electrical resistance of a piece of copper wire 100 metres long and 
0.7 millimetre in diameter is approximately one ohm (R = 1 Ω ). If this wire 
carries a current of 2 amperes then the heat loss per second is given by: (P) 
=  (1)(22) J/s = 4 J/s. If the length of the wire were ten times greater (i.e. 1 
km), then the resistance would be ten ohms and the rate of heat loss would 
be (10)(22) or 40 J/s. 

However, if the electric current were now made ten times greater the rate 
of heat loss would be a hundred times greater: (10)(202) = 4000 J/s. So, 
energy loss can be minimised by keeping the electric current low.

Electric power
The power transferred over electric cables depends on the voltage 
and the current. This can be written as follows: P = V × I , where P is 
the power (that is the energy per unit time), V is the electric potential 
(or voltage) and I is the electric current. 

In Ireland, and in Europe generally, the domestic electricity supply 
operates at about 240 volts. On this system a jug kettle with a current 
of 10 amperes would have a power of: 240 V × 10 A = 2400 watts. 
In other words, it would transfer 2400 joules per second to the water in 
the kettle. It would raise the temperature of a litre of water by more than 
half a degree every second, since the specifi c heat capacity of water 
is about 4200 J kg−1 K−1 (2400 /4200= 0.57)

Why we use high voltage in transmission
The main power transmission lines in Ireland operate at 110 kV to 400 kV 
of alternating current. For simplicity assume that these lines operate at 
direct current. In that case, if a 220 kV line can safely carry a current of 1000 
amperes then the maximum power that can be transmitted on it is 220 MW.

 P = (220,000 V ) × (1000 A ) = 220,000,000 W = 220 MW

To transmit the same power at 110,000 volts would require a current of 
2000 amperes; this would exceed the limit of that conductor. Power can 
be transmitted much more effi ciently by using high voltage. 

As we saw earlier, the energy loss is proportional to the square of the 
current, so by halving the current the energy loss would be reduced 
to 25% of it previous value. Distribution lines operate at lower voltage 
and so the total current in them is much greater than in transmission lines. 
Also, distribution lines are shorter but there are more of them. 
For this reason distribution losses are typically 3 to 6 times greater than 
transmission losses. 

Minimising energy loss 
in power transmission

EirGrid is responsible for a safe, secure and reliable supply 
of electricity: Now and in the future. 

We develop, manage and operate the electricity transmission 
grid. This brings power from where it is generated to where 
it is needed – throughout Ireland. We use our grid to supply 
power to industry and businesses that use large amounts 
of electricity. Our grid also powers the distribution network. 
This supplies the electricity you use everyday in your homes, 
businesses, schools, hospitals, and farms.

We develop new electricity infrastructure only when required. 
EirGrid is a state-owned company, but we answer to 
government and to regulators. We work for the benefi t and 
safety of every citizen in Ireland; we abide by strict laws 
and safety standards. 

You can fi nd out more about the work of EirGrid at 
www.eirgrid.com
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Choice of conductor
Apart from superconductors, silver is the 
best conductor of electricity, followed by 
copper (95% of the conductivity of silver), 
gold (69%) and aluminium (60%). If 1 kg of 
silver were made into a wire 1 km in length 
its resistance would be 168 Ω. If the same 
were done with 1 kg of copper the resistance 
would be 150 Ω. For gold and aluminium 
the resistances would be 440 Ω and 72 Ω 
respectively. The reason for this is that the 

area of cross section of the aluminium wire would be much greater than all 
the others because of its low density; this 
would give it the lowest resistance 
(and best conductivity) per unit mass. 
Aluminium is also the best choice in terms
of cost. However, in practice an alloy of aluminium is 
used in transmission lines to 
give it greater strength, although it has 
about 10% more resistance.

Other losses
Energy can be lost in transmission in other ways, apart from resistive 
heating of the conducting cables. Alternating currents in power lines produce 
alternating magnetic fi elds which induce currents in nearby lines. These 
inductive effect can be reduced by separating the conductors as much as is 
reasonably possible. 

Any pair of conductors that are near one another can act as a capacitor, 
storing energy in an electric fi eld. In AC systems inductive and capacitive 
effects are unavoidable but they reduce the power delivered to the end 
user. These effects can be largely overcome by using direct current 
transmission. However, stepping DC up or down is more costly and so 
DC transmission is economical only for long, uninterrupted cables such as 
the sub-sea East–West Interconnector between Ireland and the U.K. 

Skin effect and corona discharge
When large conductors carry large alternating currents (e.g. 2000 A) much 
of the current is confi ned to the outer layer 
or ‘skin’ of the conductor. The skin depth 
depends on the material and on the frequency. 
At 50 Hz the skin depth is around 8 mm for 
copper and around 10 mm for aluminium. 
The net effect is an increase in the apparent 
resistance of the conductor. The effect is 
reduced by the use of multicore cable; such 
cable is also more fl exible and durable. 

At very high potentials (e.g. 500 kV) the air 
near the cable may become ionised and 
capable of conducting electric current to other 
cables or to pylons. Apart from a loss of power 
the resulting ‘arcing’ or ‘corona discharge’ 
creates noise and electromagnetic interference 
and may damage cables and insulation. The 
larger the diameter of the cable the less the 
effect. The corona effect is also reduced by the 
use of multiple smaller cables (typically four) 
instead of one large cable. Their larger surface 
area keeps them cooler and they are commonly 
used today in transmission lines (right).

Saving energy
Today we are becoming increasing aware of the need to make more effi cient 
use of non-renewable energy resources. Traditional fossil fuel power 
stations are less than 40% effi cient. In other words, more than 60% of the 
energy in the fuel is lost as heat to the environment. By combining district 
heating with power generation effi ciencies of 60% to 80% can be achieved.

Before we can use it electricity must get to the end users. This is done 
through the transmission and distribution systems. Metallic conductors, 
such as copper and aluminium, carry the electric current to our homes 
and places of work. However, some energy is lost along the way as heat 
because even the best conductors have some electrical resistance. 
These losses have been reduced from about 13% in 1960 to about 7.5% 
in 2016. Can we reduce these losses even further?

Some background
In a letter dated 20th March 1800 Alessandro Volta (1745–1827) described 
the construction of a battery. He demonstrated his invention in Paris and 
news of the device spread quickly. For the fi rst time a continuous electric 
current could be generated and scientists in Europe and America began 
experimenting with their own versions of the battery.

Before long they had discovered two effects of electric current:

• a heating effect and
• a chemical effect.

That year (1800) Nicholson and Carlisle decomposed water into hydrogen 
and oxygen ― a process known as electrolysis.  Around 1808 Humphry 
Davy discovered several new elements using electrolysis: potassium, 
sodium, barium, calcium and magnesium. It is somewhat surprising that the 
magnetic effect of electric current was not discovered until 1820.

Although the heating effect of electric current is more obvious it was not 
studied in detail until the 1840s. Part of the reason for this was the rather 
poor understanding at that time of the concepts of heat and energy — 
concepts that we take for granted today. 

Joule’s Law
James Joule (1818–1889) spent much of his life studying these two 
concepts. In 1840 he replaced steam engines in his brewery with 
recently developed electric motors. He began to study the heat loss from 
conductors. Even the best conductors (silver and copper) show some 
resistance to electric current and may become quite hot if they carry a large 
electric current. 

In 1841 Joule discovered that the rate of heat loss from a conductor was 
proportional to its resistance multiplied by the square of the electric current. 
Today we express this relationship mathematically as follows: P = R × I 2 

where P is the power (that is the energy produced per unit time), R is the 
resistance and I is the electric current. This was an important discovery. 

An example
The electrical resistance of a piece of copper wire 100 metres long and 
0.7 millimetre in diameter is approximately one ohm (R = 1 Ω ). If this wire 
carries a current of 2 amperes then the heat loss per second is given by: (P) 
=  (1)(22) J/s = 4 J/s. If the length of the wire were ten times greater (i.e. 1 
km), then the resistance would be ten ohms and the rate of heat loss would 
be (10)(22) or 40 J/s. 

However, if the electric current were now made ten times greater the rate 
of heat loss would be a hundred times greater: (10)(202) = 4000 J/s. So, 
energy loss can be minimised by keeping the electric current low.

Electric power
The power transferred over electric cables depends on the voltage 
and the current. This can be written as follows: P = V × I , where P is 
the power (that is the energy per unit time), V is the electric potential 
(or voltage) and I is the electric current. 

In Ireland, and in Europe generally, the domestic electricity supply 
operates at about 240 volts. On this system a jug kettle with a current 
of 10 amperes would have a power of: 240 V × 10 A = 2400 watts. 
In other words, it would transfer 2400 joules per second to the water in 
the kettle. It would raise the temperature of a litre of water by more than 
half a degree every second, since the specifi c heat capacity of water 
is about 4200 J kg−1 K−1 (2400 /4200= 0.57)

Why we use high voltage in transmission
The main power transmission lines in Ireland operate at 110 kV to 400 kV 
of alternating current. For simplicity assume that these lines operate at 
direct current. In that case, if a 220 kV line can safely carry a current of 1000 
amperes then the maximum power that can be transmitted on it is 220 MW.

 P = (220,000 V ) × (1000 A ) = 220,000,000 W = 220 MW

To transmit the same power at 110,000 volts would require a current of 
2000 amperes; this would exceed the limit of that conductor. Power can 
be transmitted much more effi ciently by using high voltage. 

As we saw earlier, the energy loss is proportional to the square of the 
current, so by halving the current the energy loss would be reduced 
to 25% of it previous value. Distribution lines operate at lower voltage 
and so the total current in them is much greater than in transmission lines. 
Also, distribution lines are shorter but there are more of them. 
For this reason distribution losses are typically 3 to 6 times greater than 
transmission losses. 

Minimising energy loss 
in power transmission

EirGrid is responsible for a safe, secure and reliable supply 
of electricity: Now and in the future. 

We develop, manage and operate the electricity transmission 
grid. This brings power from where it is generated to where 
it is needed – throughout Ireland. We use our grid to supply 
power to industry and businesses that use large amounts 
of electricity. Our grid also powers the distribution network. 
This supplies the electricity you use everyday in your homes, 
businesses, schools, hospitals, and farms.

We develop new electricity infrastructure only when required. 
EirGrid is a state-owned company, but we answer to 
government and to regulators. We work for the benefi t and 
safety of every citizen in Ireland; we abide by strict laws 
and safety standards. 

You can fi nd out more about the work of EirGrid at 
www.eirgrid.com
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Choice of conductor
Apart from superconductors, silver is the best conductor of electricity, 
followed by copper (95% of the conductivity of silver), gold (69%)  
and aluminium (60%). If 1 kg of silver were made into a wire 1 km in length 
its resistance would be 168 Ω. If the same were done with 1 kg of copper  
the resistance would be 150 Ω. For gold and aluminium the resistances  
would be 440 Ω and 72 Ω respectively. The reason for this is that the  
area of cross section of the aluminium wire would be much greater than  
all the others because of its low density; this would give it the lowest 
resistance (and best conductivity) per unit  
mass. Aluminium is also the best choice  
in terms ofcost. However, inpractice an  
alloy of aluminium is used in transmission 
lines to give it greater strength, although 
it has about 10% more resistance. 

Other losses
Energy can be lost in transmission in other ways, apart from resistive 
heating of the conducting cables. Alternating currents in power lines produce 
alternating magnetic fields which induce currents in nearby lines. These 
inductive effect can be reduced by separating the conductors as much as is 
reasonably possible. 
 Any pair of conductors that are near one another can act as a capacitor,  
storing energy in an electric field. In AC systems inductive and capacitive 
effects are unavoidable but they reduce the power delivered to the end  
user. These effects can be largely overcome by using direct current 
transmission. However, stepping DC up or down is more costly and so  
DC transmission is economical only for long, uninterrupted cables such as  
the sub-sea East–West Interconnector between Ireland and the U.K. 

Skin effect and corona discharge
When large conductors carry large alternating currents (e.g. 2000 A) much of 
the current is confined to the outer layer or ‘skin’ of the conductor. The skin 
depth depends on the material and on the frequency. At 50 Hz the skin depth 
is around 8 mm for copper and around 10 mm for aluminium. The net effect is 
an increase in the apparent resistance of the 
conductor. The effect is reduced by the use 
of multicore cable; such cable is also more 
flexible and durable. 

At very high potentials (e.g. 500 kV) the air 
near the cable may become ionised and 
capable of conducting electric current to 
other cables or to pylons. Apart from a loss 
of power the resulting ‘arcing’ or ‘corona 
discharge’ creates noise and electromagnetic 
interference and may damage cables and 
insulation. The larger the diameter of the 
cable the less the effect. The corona effect is 
also reduced by the use of multiple smaller 
cables (typically four) instead of one large 
cable. Their larger surface area keeps them 
cooler and they are commonly used today in 
transmission lines (right).

Image source: Wikipedia

Steel reinforced and composite 
core aluminium conductors

Relative of size of silver, copper, gold 
and aluminium conductors of equal 
length and weight. 
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Examination Questions 
Leaving Certifi cate Physics (OL) 2013, Q. 11

Read this passage and answer the questions below.

“The National Grid - Ireland’s Transmission System

The national grid system supplies electricity to customers. The grid 
consists of a network of high voltage transmission stations, power 
lines and cables delivering power to over 100 sub-stations all over 
Ireland. From these sub-stations power can be taken onwards on 
lower voltage lines to individual customers’ premises. 

The network includes about 6,000 km of overhead lines and 
underground cables. High voltages are used to avoid power losses 
which would otherwise occur when transferring power over long 
distances.

Power is generated by power plants throughout the country, using a 
variety of fuel or energy sources, including gas, oil, coal, peat, hydro-
electricity, wind turbines and other sources such as biomass and 
landfi ll gas. All of the major power plants feed into the national grid.

At the sub-stations power is transferred from the grid, transformed 
into medium and low voltage electricity and is delivered to Ireland’s 
2.1 million domestic, commercial and industrial customers.”

(Adapted from EIRGRID AT A GLANCE, Eirgrid information publication.)

(a) What are the key components of the national grid?

(b) Why are high voltages used to transmit power over the 
national grid? 

(c) Why is the power supplied to domestic customers at lower 
voltages?

(d) Name two renewable and two non-renewable energy sources 
used to generate electricity.

(e) The national grid uses alternating current (a.c.) rather than 
direct current (d.c.). What is the difference between them?

(f) Name the device used to convert high voltages to lower 
voltages. 

(g) Give the principle of operation of the device named in part (f).

(h) Name the unit of electrical energy that is used in the delivery 
of electricity to homes and businesses.

Leaving Certifi cate Physics (OL) 2002, Q. 9
Name the parts of the transformer labelled A, B and C in the diagram. 

The mains electricity 
supply (230 V) is 
connected to A, which has 
400 turns. C has 100 turns. 
What is the reading on the 
voltmeter? 

Syllabus References
The main syllabus references for the lesson are:

Leaving Certifi cate Physics (pp. 36–38)
• Resistance: 

Defi nition of resistance, unit. Ohm’s law. 
Resistance varies with length, cross-sectional area, and 
temperature. Resistivity. Resistors in series and parallel. 
Thermistor.

• Potential: Potential divider.
• Heating: W = I 2 R t. 

Chemical: an electric current can cause a chemical reaction. 
Magnetic effect of an electric current.

• Magnetic fi elds: Magnetic fi eld due to magnets, current in a long, 
a loop or a solenoid. 

• Alternating current: Peak and r m s values.
Science and Technology in Action is also widely used by 
Transition Year classes. 

Student Activities
1. The resistivity (ρ), or 

specifi c resistance, of a 
material is the resistance 
of a uniform sample of 
the material of unit length 
and unit cross section. 
(In practice this would be 
virtually impossible to measure directly.)
The resistivity of copper is 1.68 × 10−8 Ω m. 
Show that if a cubic metre of copper were formed into a uniform 
wire with a cross section of 1 mm2 it would be 1000 km in length 
and its resistance would be 1.68 × 104 Ω or 16.8 kΩ.

2. The table shows the 
densities of silver, copper 
and aluminium. Show that 
the volume of one kilogram 
of these metals would be 95, 
112 and 377 cm3 respectively.

3. The table shows the resistivities of silver, copper and aluminium. 
If one kilogram of each of the metals above (Q. 3) were made 
into a one kilometre wire show that: 
a) their cross sections would 
be 9.5, 11.2 and 37.7 mm2 
respectively
b) their resistances would 
be 1.67, 1.50, 0.703 Ω 
respectively.  (R = ρ l / A )
How does this illustrate the advantage of using aluminium as a 
conductor for electricity transmission?

Did You Know?
• The demand for electricity varies 

with the time of day, the seasons, the 
weather and even with patterns of TV 
viewing.  The graph shows the varying 
All-Island demand (and anticipated 
demand) on Sunday 21st Aug. 2016.

• The supply of electricity must match the 
demand. Renewable energy sources 
make a signifi cant contribution in windy 
weather but other forms of energy are 
also necessary to meet the demand. 

The data below show the mix of 
sources at 21:38 on 21st August 2016. 
Note the net import shows a negative 
number; this 
means that some 
electricity was 
exported via the 
Interconnector.  

Biographical Notes
Dr Thomas A. Mc Laughlin (1896 − 1971) 
Although Thomas Mc Laughlin was born in Drogheda  he was educated in 
Dublin, obtaining a BSc and MSc at UCD. He completed a BE and PhD 
while working as an assistant physics lecturer in UCG.

In December 1922 be began working  for Siemens in Germany. At the 
time the company was developing hydroelectric power plants. Mc Loughlin 
was familiar with the many previous proposals to use the Shannon as a 
source of hydro power. With the backing of Siemens he went to Ireland 
in 1923 and met with members of the new Free State Government. His 
proposals were initially turned down but in January 1924 he returned, 
accompanied by a senior director of Siemens. This time the proposal 
was accepted. Detailed plans were drawn up and on 1st May 1925 
the Shannon Electricity Bill was introduced in the Dáil. Despite further 
opposition from vested interests (e.g. local electricity suppliers in Dublin 
and elsewhere) the contract was signed and work began later that year. 
The Electricity Supply Board (ESB) was set up in 1927, with Mc Loughlin 
as executive director. He was just 31 years of age. 
Wikipedia: Thomas_McLaughlin_(engineer)
Wikipedia: Shannon_hydroelectric_scheme

Learning Outcomes
On completion of this lesson, students should be able to: 

• outline the general structure and function of the national grid
• calculate power given the voltage and current
• explain what is meant by resistive heating 
• calculate energy loss given the resistance and current
• describe the function of a transformer 
• explain why high voltages are used in transmission lines
• give reasons why aluminium is the best choice of conductor for 

transmission lines.

General Learning Points 
These are additional relevant points which are 
used to extend knowledge and facilitate discussion.

• Under ordinary conditions all metals have some electrical 
resistance. As a result they become hot when carrying large 
currents. The heating effect is proportional to the square of the 
electric current.

• Transmitted power is calculated by multiplying the voltage by the 
current. The same power can be transmitted by increasing the 
voltage and lowering the current by the same factor. Less energy 
is lost by using higher voltage.

• The transmission lines in the National Grid operate at 400,000 V. 
• Transformers are used to step the voltage up or down 

as required.
• Energy is lost through resistive heating mainly in the distribution 

lines which operate at lower voltages and corresponding higher 
overall current. 

• Although aluminium is not the best conductor of electricity when 
compared with other conductors of the same length and weight it 
is about twice as good as silver and copper.

True/False Questions

a) Transmission lines bring electricity directly to peoples’ 
homes. T F

b) Transformers are used to change AC to DC. T F
c) The electric battery was invented by Volta in 1800. T F
d) The unit of energy is named after James Joule. T F
e) Resistive heating is proportional to the electric current. T F
f) Electric power can be calculated by multiplying the voltage

by the current. T F
g) Gold is the best electrical conductor. T F
h) Thinner wires have greater resistance. T F
i) Even the best conductors show some resistance.  T F
j) Direct current is not used for transmission of electricity. T F
k) The magnetic effect of electric current was discovered 

in 1810. T F
l) Aluminium conductors are widely used in transmission 

lines. T F

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

Revise The Terms
Can you recall the meaning of the following terms? 
Revising terminology is a powerful aid to recall and retention.

alloy, ampere, arcing, area of cross section, battery, capacitor, 
conductivity, conductor, corona discharge, direct current 
transmission, distribution, electric current, electric potential, electrical 
resistance, electrolysis, energy, heat, ionised, kV, magnetic effect 
of electric current, magnetic fi eld, MW, non-renewable, power, 
resistance, specifi c heat capacity, superconductor, transmission, 
volt, watt.
Check the Glossary of terms for this lesson on www.sta.ie

Minimising energy loss 
in power transmission

Silver 10.49 × 10−8 Ω m

Copper 1.68 × 10−8 Ω m

Aluminium  2.65 × 10−8 Ω m

1 m2

1 m 1 m

1 m2

Silver 10.49 × 103 kg m–3

Copper 8.96 × 103 kg m–3

Aluminium  2.65 × 103 kg m–3

 
9. What is electromagnetic induction? (9) 

 

Describe an experiment to demonstrate electromagnetic induction. (12) 
 

The transformer is a device based on the principle of electromagnetic induction. 
Name two devices that use transformers. (6) 

 
 

Name the parts of the transformer labelled A, B and C in the diagram.
 (9) V

A B C

 
The mains electricity supply (230 V) is connected to A, which has 400 
turns.  C has 100 turns.  What is the reading on the voltmeter? (9) 

 
 
 

 
How is the part labelled B designed to make the transformer more efficient? (6) 
 
The efficiency of a transformer is 90%.  What does this mean? (5) 
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10. What is thermionic emission? (9) 

low voltage

high voltage

A B C D

 
The diagram shows a simple cathode ray tube. 
Name the parts labeled A, B, C and D in the diagram. (12) 
Give the function of any two of these parts. (12) 
How can the beam of electrons be deflected? (6) 
Give a use of a cathode ray tube. (3) 
 
In an X-ray tube, electrons are also produced by thermionic emission. 
Draw a sketch of an X-ray tube. (11) 
 
Why is a lead shield normally put around an X-ray tube? (3) 
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Examination Questions 
Leaving Certifi cate Physics (OL) 2013, Q. 11

Read this passage and answer the questions below.

“The National Grid - Ireland’s Transmission System

The national grid system supplies electricity to customers. The grid 
consists of a network of high voltage transmission stations, power 
lines and cables delivering power to over 100 sub-stations all over 
Ireland. From these sub-stations power can be taken onwards on 
lower voltage lines to individual customers’ premises. 

The network includes about 6,000 km of overhead lines and 
underground cables. High voltages are used to avoid power losses 
which would otherwise occur when transferring power over long 
distances.

Power is generated by power plants throughout the country, using a 
variety of fuel or energy sources, including gas, oil, coal, peat, hydro-
electricity, wind turbines and other sources such as biomass and 
landfi ll gas. All of the major power plants feed into the national grid.

At the sub-stations power is transferred from the grid, transformed 
into medium and low voltage electricity and is delivered to Ireland’s 
2.1 million domestic, commercial and industrial customers.”

(Adapted from EIRGRID AT A GLANCE, Eirgrid information publication.)

(a) What are the key components of the national grid?

(b) Why are high voltages used to transmit power over the 
national grid? 

(c) Why is the power supplied to domestic customers at lower 
voltages?

(d) Name two renewable and two non-renewable energy sources 
used to generate electricity.

(e) The national grid uses alternating current (a.c.) rather than 
direct current (d.c.). What is the difference between them?

(f) Name the device used to convert high voltages to lower 
voltages. 

(g) Give the principle of operation of the device named in part (f).

(h) Name the unit of electrical energy that is used in the delivery 
of electricity to homes and businesses.

Leaving Certifi cate Physics (OL) 2002, Q. 9
Name the parts of the transformer labelled A, B and C in the diagram. 

The mains electricity 
supply (230 V) is 
connected to A, which has 
400 turns. C has 100 turns. 
What is the reading on the 
voltmeter? 

Syllabus References
The main syllabus references for the lesson are:

Leaving Certifi cate Physics (pp. 36–38)
• Resistance: 

Defi nition of resistance, unit. Ohm’s law. 
Resistance varies with length, cross-sectional area, and 
temperature. Resistivity. Resistors in series and parallel. 
Thermistor.

• Potential: Potential divider.
• Heating: W = I 2 R t. 

Chemical: an electric current can cause a chemical reaction. 
Magnetic effect of an electric current.

• Magnetic fi elds: Magnetic fi eld due to magnets, current in a long, 
a loop or a solenoid. 

• Alternating current: Peak and r m s values.
Science and Technology in Action is also widely used by 
Transition Year classes. 

Student Activities
1. The resistivity (ρ), or 

specifi c resistance, of a 
material is the resistance 
of a uniform sample of 
the material of unit length 
and unit cross section. 
(In practice this would be 
virtually impossible to measure directly.)
The resistivity of copper is 1.68 × 10−8 Ω m. 
Show that if a cubic metre of copper were formed into a uniform 
wire with a cross section of 1 mm2 it would be 1000 km in length 
and its resistance would be 1.68 × 104 Ω or 16.8 kΩ.

2. The table shows the 
densities of silver, copper 
and aluminium. Show that 
the volume of one kilogram 
of these metals would be 95, 
112 and 377 cm3 respectively.

3. The table shows the resistivities of silver, copper and aluminium. 
If one kilogram of each of the metals above (Q. 3) were made 
into a one kilometre wire show that: 
a) their cross sections would 
be 9.5, 11.2 and 37.7 mm2 
respectively
b) their resistances would 
be 1.67, 1.50, 0.703 Ω 
respectively.  (R = ρ l / A )
How does this illustrate the advantage of using aluminium as a 
conductor for electricity transmission?

Did You Know?
• The demand for electricity varies 

with the time of day, the seasons, the 
weather and even with patterns of TV 
viewing.  The graph shows the varying 
All-Island demand (and anticipated 
demand) on Sunday 21st Aug. 2016.

• The supply of electricity must match the 
demand. Renewable energy sources 
make a signifi cant contribution in windy 
weather but other forms of energy are 
also necessary to meet the demand. 

The data below show the mix of 
sources at 21:38 on 21st August 2016. 
Note the net import shows a negative 
number; this 
means that some 
electricity was 
exported via the 
Interconnector.  

Biographical Notes
Dr Thomas A. Mc Laughlin (1896 − 1971) 
Although Thomas Mc Laughlin was born in Drogheda  he was educated in 
Dublin, obtaining a BSc and MSc at UCD. He completed a BE and PhD 
while working as an assistant physics lecturer in UCG.

In December 1922 be began working  for Siemens in Germany. At the 
time the company was developing hydroelectric power plants. Mc Loughlin 
was familiar with the many previous proposals to use the Shannon as a 
source of hydro power. With the backing of Siemens he went to Ireland 
in 1923 and met with members of the new Free State Government. His 
proposals were initially turned down but in January 1924 he returned, 
accompanied by a senior director of Siemens. This time the proposal 
was accepted. Detailed plans were drawn up and on 1st May 1925 
the Shannon Electricity Bill was introduced in the Dáil. Despite further 
opposition from vested interests (e.g. local electricity suppliers in Dublin 
and elsewhere) the contract was signed and work began later that year. 
The Electricity Supply Board (ESB) was set up in 1927, with Mc Loughlin 
as executive director. He was just 31 years of age. 
Wikipedia: Thomas_McLaughlin_(engineer)
Wikipedia: Shannon_hydroelectric_scheme

Learning Outcomes
On completion of this lesson, students should be able to: 

• outline the general structure and function of the national grid
• calculate power given the voltage and current
• explain what is meant by resistive heating 
• calculate energy loss given the resistance and current
• describe the function of a transformer 
• explain why high voltages are used in transmission lines
• give reasons why aluminium is the best choice of conductor for 

transmission lines.

General Learning Points 
These are additional relevant points which are 
used to extend knowledge and facilitate discussion.

• Under ordinary conditions all metals have some electrical 
resistance. As a result they become hot when carrying large 
currents. The heating effect is proportional to the square of the 
electric current.

• Transmitted power is calculated by multiplying the voltage by the 
current. The same power can be transmitted by increasing the 
voltage and lowering the current by the same factor. Less energy 
is lost by using higher voltage.

• The transmission lines in the National Grid operate at 400,000 V. 
• Transformers are used to step the voltage up or down 

as required.
• Energy is lost through resistive heating mainly in the distribution 

lines which operate at lower voltages and corresponding higher 
overall current. 

• Although aluminium is not the best conductor of electricity when 
compared with other conductors of the same length and weight it 
is about twice as good as silver and copper.

True/False Questions

a) Transmission lines bring electricity directly to peoples’ 
homes. T F

b) Transformers are used to change AC to DC. T F
c) The electric battery was invented by Volta in 1800. T F
d) The unit of energy is named after James Joule. T F
e) Resistive heating is proportional to the electric current. T F
f) Electric power can be calculated by multiplying the voltage

by the current. T F
g) Gold is the best electrical conductor. T F
h) Thinner wires have greater resistance. T F
i) Even the best conductors show some resistance.  T F
j) Direct current is not used for transmission of electricity. T F
k) The magnetic effect of electric current was discovered 

in 1810. T F
l) Aluminium conductors are widely used in transmission 

lines. T F

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

Revise The Terms
Can you recall the meaning of the following terms? 
Revising terminology is a powerful aid to recall and retention.

alloy, ampere, arcing, area of cross section, battery, capacitor, 
conductivity, conductor, corona discharge, direct current 
transmission, distribution, electric current, electric potential, electrical 
resistance, electrolysis, energy, heat, ionised, kV, magnetic effect 
of electric current, magnetic fi eld, MW, non-renewable, power, 
resistance, specifi c heat capacity, superconductor, transmission, 
volt, watt.
Check the Glossary of terms for this lesson on www.sta.ie
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Silver 10.49 × 10−8 Ω m

Copper 1.68 × 10−8 Ω m

Aluminium  2.65 × 10−8 Ω m

1 m2

1 m 1 m

1 m2

Silver 10.49 × 103 kg m–3

Copper 8.96 × 103 kg m–3

Aluminium  2.65 × 103 kg m–3

 
9. What is electromagnetic induction? (9) 

 

Describe an experiment to demonstrate electromagnetic induction. (12) 
 

The transformer is a device based on the principle of electromagnetic induction. 
Name two devices that use transformers. (6) 

 
 

Name the parts of the transformer labelled A, B and C in the diagram.
 (9) V

A B C

 
The mains electricity supply (230 V) is connected to A, which has 400 
turns.  C has 100 turns.  What is the reading on the voltmeter? (9) 

 
 
 

 
How is the part labelled B designed to make the transformer more efficient? (6) 
 
The efficiency of a transformer is 90%.  What does this mean? (5) 
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10. What is thermionic emission? (9) 

low voltage

high voltage

A B C D

 
The diagram shows a simple cathode ray tube. 
Name the parts labeled A, B, C and D in the diagram. (12) 
Give the function of any two of these parts. (12) 
How can the beam of electrons be deflected? (6) 
Give a use of a cathode ray tube. (3) 
 
In an X-ray tube, electrons are also produced by thermionic emission. 
Draw a sketch of an X-ray tube. (11) 
 
Why is a lead shield normally put around an X-ray tube? (3) 
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Examination Questions 
Leaving Certifi cate Physics (OL) 2013, Q. 11

Read this passage and answer the questions below.

“The National Grid - Ireland’s Transmission System

The national grid system supplies electricity to customers. The grid 
consists of a network of high voltage transmission stations, power 
lines and cables delivering power to over 100 sub-stations all over 
Ireland. From these sub-stations power can be taken onwards on 
lower voltage lines to individual customers’ premises. 

The network includes about 6,000 km of overhead lines and 
underground cables. High voltages are used to avoid power losses 
which would otherwise occur when transferring power over long 
distances.

Power is generated by power plants throughout the country, using a 
variety of fuel or energy sources, including gas, oil, coal, peat, hydro-
electricity, wind turbines and other sources such as biomass and 
landfi ll gas. All of the major power plants feed into the national grid.

At the sub-stations power is transferred from the grid, transformed 
into medium and low voltage electricity and is delivered to Ireland’s 
2.1 million domestic, commercial and industrial customers.”

(Adapted from EIRGRID AT A GLANCE, Eirgrid information publication.)

(a) What are the key components of the national grid?

(b) Why are high voltages used to transmit power over the 
national grid? 

(c) Why is the power supplied to domestic customers at lower 
voltages?

(d) Name two renewable and two non-renewable energy sources 
used to generate electricity.

(e) The national grid uses alternating current (a.c.) rather than 
direct current (d.c.). What is the difference between them?

(f) Name the device used to convert high voltages to lower 
voltages. 

(g) Give the principle of operation of the device named in part (f).

(h) Name the unit of electrical energy that is used in the delivery 
of electricity to homes and businesses.

Leaving Certifi cate Physics (OL) 2002, Q. 9
Name the parts of the transformer labelled A, B and C in the diagram. 

The mains electricity 
supply (230 V) is 
connected to A, which has 
400 turns. C has 100 turns. 
What is the reading on the 
voltmeter? 

Syllabus References
The main syllabus references for the lesson are:

Leaving Certifi cate Physics (pp. 36–38)
• Resistance: 

Defi nition of resistance, unit. Ohm’s law. 
Resistance varies with length, cross-sectional area, and 
temperature. Resistivity. Resistors in series and parallel. 
Thermistor.

• Potential: Potential divider.
• Heating: W = I 2 R t. 

Chemical: an electric current can cause a chemical reaction. 
Magnetic effect of an electric current.

• Magnetic fi elds: Magnetic fi eld due to magnets, current in a long, 
a loop or a solenoid. 

• Alternating current: Peak and r m s values.
Science and Technology in Action is also widely used by 
Transition Year classes. 

Student Activities
1. The resistivity (ρ), or 

specifi c resistance, of a 
material is the resistance 
of a uniform sample of 
the material of unit length 
and unit cross section. 
(In practice this would be 
virtually impossible to measure directly.)
The resistivity of copper is 1.68 × 10−8 Ω m. 
Show that if a cubic metre of copper were formed into a uniform 
wire with a cross section of 1 mm2 it would be 1000 km in length 
and its resistance would be 1.68 × 104 Ω or 16.8 kΩ.

2. The table shows the 
densities of silver, copper 
and aluminium. Show that 
the volume of one kilogram 
of these metals would be 95, 
112 and 377 cm3 respectively.

3. The table shows the resistivities of silver, copper and aluminium. 
If one kilogram of each of the metals above (Q. 3) were made 
into a one kilometre wire show that: 
a) their cross sections would 
be 9.5, 11.2 and 37.7 mm2 
respectively
b) their resistances would 
be 1.67, 1.50, 0.703 Ω 
respectively.  (R = ρ l / A )
How does this illustrate the advantage of using aluminium as a 
conductor for electricity transmission?

Did You Know?
• The demand for electricity varies 

with the time of day, the seasons, the 
weather and even with patterns of TV 
viewing.  The graph shows the varying 
All-Island demand (and anticipated 
demand) on Sunday 21st Aug. 2016.

• The supply of electricity must match the 
demand. Renewable energy sources 
make a signifi cant contribution in windy 
weather but other forms of energy are 
also necessary to meet the demand. 

The data below show the mix of 
sources at 21:38 on 21st August 2016. 
Note the net import shows a negative 
number; this 
means that some 
electricity was 
exported via the 
Interconnector.  

Biographical Notes
Dr Thomas A. Mc Laughlin (1896 − 1971) 
Although Thomas Mc Laughlin was born in Drogheda  he was educated in 
Dublin, obtaining a BSc and MSc at UCD. He completed a BE and PhD 
while working as an assistant physics lecturer in UCG.

In December 1922 be began working  for Siemens in Germany. At the 
time the company was developing hydroelectric power plants. Mc Loughlin 
was familiar with the many previous proposals to use the Shannon as a 
source of hydro power. With the backing of Siemens he went to Ireland 
in 1923 and met with members of the new Free State Government. His 
proposals were initially turned down but in January 1924 he returned, 
accompanied by a senior director of Siemens. This time the proposal 
was accepted. Detailed plans were drawn up and on 1st May 1925 
the Shannon Electricity Bill was introduced in the Dáil. Despite further 
opposition from vested interests (e.g. local electricity suppliers in Dublin 
and elsewhere) the contract was signed and work began later that year. 
The Electricity Supply Board (ESB) was set up in 1927, with Mc Loughlin 
as executive director. He was just 31 years of age. 
Wikipedia: Thomas_McLaughlin_(engineer)
Wikipedia: Shannon_hydroelectric_scheme

Learning Outcomes
On completion of this lesson, students should be able to: 

• outline the general structure and function of the national grid
• calculate power given the voltage and current
• explain what is meant by resistive heating 
• calculate energy loss given the resistance and current
• describe the function of a transformer 
• explain why high voltages are used in transmission lines
• give reasons why aluminium is the best choice of conductor for 

transmission lines.

General Learning Points 
These are additional relevant points which are 
used to extend knowledge and facilitate discussion.

• Under ordinary conditions all metals have some electrical 
resistance. As a result they become hot when carrying large 
currents. The heating effect is proportional to the square of the 
electric current.

• Transmitted power is calculated by multiplying the voltage by the 
current. The same power can be transmitted by increasing the 
voltage and lowering the current by the same factor. Less energy 
is lost by using higher voltage.

• The transmission lines in the National Grid operate at 400,000 V. 
• Transformers are used to step the voltage up or down 

as required.
• Energy is lost through resistive heating mainly in the distribution 

lines which operate at lower voltages and corresponding higher 
overall current. 

• Although aluminium is not the best conductor of electricity when 
compared with other conductors of the same length and weight it 
is about twice as good as silver and copper.

True/False Questions

a) Transmission lines bring electricity directly to peoples’ 
homes. T F

b) Transformers are used to change AC to DC. T F
c) The electric battery was invented by Volta in 1800. T F
d) The unit of energy is named after James Joule. T F
e) Resistive heating is proportional to the electric current. T F
f) Electric power can be calculated by multiplying the voltage

by the current. T F
g) Gold is the best electrical conductor. T F
h) Thinner wires have greater resistance. T F
i) Even the best conductors show some resistance.  T F
j) Direct current is not used for transmission of electricity. T F
k) The magnetic effect of electric current was discovered 

in 1810. T F
l) Aluminium conductors are widely used in transmission 

lines. T F

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

Revise The Terms
Can you recall the meaning of the following terms? 
Revising terminology is a powerful aid to recall and retention.

alloy, ampere, arcing, area of cross section, battery, capacitor, 
conductivity, conductor, corona discharge, direct current 
transmission, distribution, electric current, electric potential, electrical 
resistance, electrolysis, energy, heat, ionised, kV, magnetic effect 
of electric current, magnetic fi eld, MW, non-renewable, power, 
resistance, specifi c heat capacity, superconductor, transmission, 
volt, watt.
Check the Glossary of terms for this lesson on www.sta.ie

Minimising energy loss 
in power transmission

Silver 10.49 × 10−8 Ω m

Copper 1.68 × 10−8 Ω m

Aluminium  2.65 × 10−8 Ω m
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1 m 1 m
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Silver 10.49 × 103 kg m–3

Copper 8.96 × 103 kg m–3

Aluminium  2.65 × 103 kg m–3

 
9. What is electromagnetic induction? (9) 

 

Describe an experiment to demonstrate electromagnetic induction. (12) 
 

The transformer is a device based on the principle of electromagnetic induction. 
Name two devices that use transformers. (6) 

 
 

Name the parts of the transformer labelled A, B and C in the diagram.
 (9) V

A B C

 
The mains electricity supply (230 V) is connected to A, which has 400 
turns.  C has 100 turns.  What is the reading on the voltmeter? (9) 

 
 
 

 
How is the part labelled B designed to make the transformer more efficient? (6) 
 
The efficiency of a transformer is 90%.  What does this mean? (5) 
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10. What is thermionic emission? (9) 

low voltage

high voltage

A B C D

 
The diagram shows a simple cathode ray tube. 
Name the parts labeled A, B, C and D in the diagram. (12) 
Give the function of any two of these parts. (12) 
How can the beam of electrons be deflected? (6) 
Give a use of a cathode ray tube. (3) 
 
In an X-ray tube, electrons are also produced by thermionic emission. 
Draw a sketch of an X-ray tube. (11) 
 
Why is a lead shield normally put around an X-ray tube? (3) 
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Examination Questions 
Leaving Certifi cate Physics (OL) 2013, Q. 11

Read this passage and answer the questions below.

“The National Grid - Ireland’s Transmission System

The national grid system supplies electricity to customers. The grid 
consists of a network of high voltage transmission stations, power 
lines and cables delivering power to over 100 sub-stations all over 
Ireland. From these sub-stations power can be taken onwards on 
lower voltage lines to individual customers’ premises. 

The network includes about 6,000 km of overhead lines and 
underground cables. High voltages are used to avoid power losses 
which would otherwise occur when transferring power over long 
distances.

Power is generated by power plants throughout the country, using a 
variety of fuel or energy sources, including gas, oil, coal, peat, hydro-
electricity, wind turbines and other sources such as biomass and 
landfi ll gas. All of the major power plants feed into the national grid.

At the sub-stations power is transferred from the grid, transformed 
into medium and low voltage electricity and is delivered to Ireland’s 
2.1 million domestic, commercial and industrial customers.”

(Adapted from EIRGRID AT A GLANCE, Eirgrid information publication.)

(a) What are the key components of the national grid?

(b) Why are high voltages used to transmit power over the 
national grid? 

(c) Why is the power supplied to domestic customers at lower 
voltages?

(d) Name two renewable and two non-renewable energy sources 
used to generate electricity.

(e) The national grid uses alternating current (a.c.) rather than 
direct current (d.c.). What is the difference between them?

(f) Name the device used to convert high voltages to lower 
voltages. 

(g) Give the principle of operation of the device named in part (f).

(h) Name the unit of electrical energy that is used in the delivery 
of electricity to homes and businesses.

Leaving Certifi cate Physics (OL) 2002, Q. 9
Name the parts of the transformer labelled A, B and C in the diagram. 

The mains electricity 
supply (230 V) is 
connected to A, which has 
400 turns. C has 100 turns. 
What is the reading on the 
voltmeter? 

Syllabus References
The main syllabus references for the lesson are:

Leaving Certifi cate Physics (pp. 36–38)
• Resistance: 

Defi nition of resistance, unit. Ohm’s law. 
Resistance varies with length, cross-sectional area, and 
temperature. Resistivity. Resistors in series and parallel. 
Thermistor.

• Potential: Potential divider.
• Heating: W = I 2 R t. 

Chemical: an electric current can cause a chemical reaction. 
Magnetic effect of an electric current.

• Magnetic fi elds: Magnetic fi eld due to magnets, current in a long, 
a loop or a solenoid. 

• Alternating current: Peak and r m s values.
Science and Technology in Action is also widely used by 
Transition Year classes. 

Student Activities
1. The resistivity (ρ), or 

specifi c resistance, of a 
material is the resistance 
of a uniform sample of 
the material of unit length 
and unit cross section. 
(In practice this would be 
virtually impossible to measure directly.)
The resistivity of copper is 1.68 × 10−8 Ω m. 
Show that if a cubic metre of copper were formed into a uniform 
wire with a cross section of 1 mm2 it would be 1000 km in length 
and its resistance would be 1.68 × 104 Ω or 16.8 kΩ.

2. The table shows the 
densities of silver, copper 
and aluminium. Show that 
the volume of one kilogram 
of these metals would be 95, 
112 and 377 cm3 respectively.

3. The table shows the resistivities of silver, copper and aluminium. 
If one kilogram of each of the metals above (Q. 3) were made 
into a one kilometre wire show that: 
a) their cross sections would 
be 9.5, 11.2 and 37.7 mm2 
respectively
b) their resistances would 
be 1.67, 1.50, 0.703 Ω 
respectively.  (R = ρ l / A )
How does this illustrate the advantage of using aluminium as a 
conductor for electricity transmission?

Did You Know?
• The demand for electricity varies 

with the time of day, the seasons, the 
weather and even with patterns of TV 
viewing.  The graph shows the varying 
All-Island demand (and anticipated 
demand) on Sunday 21st Aug. 2016.

• The supply of electricity must match the 
demand. Renewable energy sources 
make a signifi cant contribution in windy 
weather but other forms of energy are 
also necessary to meet the demand. 

The data below show the mix of 
sources at 21:38 on 21st August 2016. 
Note the net import shows a negative 
number; this 
means that some 
electricity was 
exported via the 
Interconnector.  

Biographical Notes
Dr Thomas A. Mc Laughlin (1896 − 1971) 
Although Thomas Mc Laughlin was born in Drogheda  he was educated in 
Dublin, obtaining a BSc and MSc at UCD. He completed a BE and PhD 
while working as an assistant physics lecturer in UCG.

In December 1922 be began working  for Siemens in Germany. At the 
time the company was developing hydroelectric power plants. Mc Loughlin 
was familiar with the many previous proposals to use the Shannon as a 
source of hydro power. With the backing of Siemens he went to Ireland 
in 1923 and met with members of the new Free State Government. His 
proposals were initially turned down but in January 1924 he returned, 
accompanied by a senior director of Siemens. This time the proposal 
was accepted. Detailed plans were drawn up and on 1st May 1925 
the Shannon Electricity Bill was introduced in the Dáil. Despite further 
opposition from vested interests (e.g. local electricity suppliers in Dublin 
and elsewhere) the contract was signed and work began later that year. 
The Electricity Supply Board (ESB) was set up in 1927, with Mc Loughlin 
as executive director. He was just 31 years of age. 
Wikipedia: Thomas_McLaughlin_(engineer)
Wikipedia: Shannon_hydroelectric_scheme

Learning Outcomes
On completion of this lesson, students should be able to: 

• outline the general structure and function of the national grid
• calculate power given the voltage and current
• explain what is meant by resistive heating 
• calculate energy loss given the resistance and current
• describe the function of a transformer 
• explain why high voltages are used in transmission lines
• give reasons why aluminium is the best choice of conductor for 

transmission lines.

General Learning Points 
These are additional relevant points which are 
used to extend knowledge and facilitate discussion.

• Under ordinary conditions all metals have some electrical 
resistance. As a result they become hot when carrying large 
currents. The heating effect is proportional to the square of the 
electric current.

• Transmitted power is calculated by multiplying the voltage by the 
current. The same power can be transmitted by increasing the 
voltage and lowering the current by the same factor. Less energy 
is lost by using higher voltage.

• The transmission lines in the National Grid operate at 400,000 V. 
• Transformers are used to step the voltage up or down 

as required.
• Energy is lost through resistive heating mainly in the distribution 

lines which operate at lower voltages and corresponding higher 
overall current. 

• Although aluminium is not the best conductor of electricity when 
compared with other conductors of the same length and weight it 
is about twice as good as silver and copper.

True/False Questions

a) Transmission lines bring electricity directly to peoples’ 
homes. T F

b) Transformers are used to change AC to DC. T F
c) The electric battery was invented by Volta in 1800. T F
d) The unit of energy is named after James Joule. T F
e) Resistive heating is proportional to the electric current. T F
f) Electric power can be calculated by multiplying the voltage

by the current. T F
g) Gold is the best electrical conductor. T F
h) Thinner wires have greater resistance. T F
i) Even the best conductors show some resistance.  T F
j) Direct current is not used for transmission of electricity. T F
k) The magnetic effect of electric current was discovered 

in 1810. T F
l) Aluminium conductors are widely used in transmission 

lines. T F

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

Revise The Terms
Can you recall the meaning of the following terms? 
Revising terminology is a powerful aid to recall and retention.

alloy, ampere, arcing, area of cross section, battery, capacitor, 
conductivity, conductor, corona discharge, direct current 
transmission, distribution, electric current, electric potential, electrical 
resistance, electrolysis, energy, heat, ionised, kV, magnetic effect 
of electric current, magnetic fi eld, MW, non-renewable, power, 
resistance, specifi c heat capacity, superconductor, transmission, 
volt, watt.
Check the Glossary of terms for this lesson on www.sta.ie
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Copper 1.68 × 10−8 Ω m
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Copper 8.96 × 103 kg m–3
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9. What is electromagnetic induction? (9) 

 

Describe an experiment to demonstrate electromagnetic induction. (12) 
 

The transformer is a device based on the principle of electromagnetic induction. 
Name two devices that use transformers. (6) 

 
 

Name the parts of the transformer labelled A, B and C in the diagram.
 (9) V

A B C

 
The mains electricity supply (230 V) is connected to A, which has 400 
turns.  C has 100 turns.  What is the reading on the voltmeter? (9) 

 
 
 

 
How is the part labelled B designed to make the transformer more efficient? (6) 
 
The efficiency of a transformer is 90%.  What does this mean? (5) 
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10. What is thermionic emission? (9) 

low voltage
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The diagram shows a simple cathode ray tube. 
Name the parts labeled A, B, C and D in the diagram. (12) 
Give the function of any two of these parts. (12) 
How can the beam of electrons be deflected? (6) 
Give a use of a cathode ray tube. (3) 
 
In an X-ray tube, electrons are also produced by thermionic emission. 
Draw a sketch of an X-ray tube. (11) 
 
Why is a lead shield normally put around an X-ray tube? (3) 
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