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Mains electricity 

Students will be assessed on their ability to: 

2.2 understand and identify the hazards of electricity including frayed cables, long cables, damaged 

plugs, water around sockets, and pushing metal objects into sockets 

 

2.3 understand the uses of insulation, double insulation, earthing, fuses and circuit breakers in a 

range of domestic appliances 

 

2.4 understand that a current in a resistor results in the electrical transfer of energy and an increase 

in temperature, and how this can be used in a variety of domestic contexts 

 

2.5 know and use the relationship: 

 

Power = current × voltage P = I × V 

 

and apply the relationship to the selection of appropriate fuses 

 

2.6 use the relationship between energy transferred, current, voltage and time:  

 

energy transferred = current × voltage × time E = I × V × t 

 

2.7 understand the difference between mains electricity being alternating current (a.c.) and direct 

current (d.c.) being supplied by a cell or battery. 

 

Electric charge 

Students will be assessed on their ability to: 

2.19 identify common materials which are electrical conductors or insulators, including metals and 

plastics 

 

2.20 describe experiments to investigate how insulating materials can be charged by 

friction 

 

2.21 explain that positive and negative electrostatic charges are produced on materials 

by the loss and gain of electrons 

 

2.22 understand that there are forces of attraction between unlike charges and forces of 

repulsion between like charges 

 

2.23 explain electrostatic phenomena in terms of the movement of electrons 

 

 

2.24 explain the potential dangers of electrostatic charges, eg when fuelling aircraft and 

tankers 

 

 

2.25 explain some uses of electrostatic charges, eg in photocopiers and inkjet printers. 

 

  



Mains electricity 

Students will be assessed on their ability to: 

2.2 understand and identify the hazards of electricity including frayed cables, long cables, damaged 

plugs, water around sockets, and pushing metal objects into sockets 

 

 
 Frayed cables – wires can be exposed - live parts might be uncovered 

 Long cables – trip hazard  

 Damaged cables – e.g. missing, cracked or broken case – live parts can be exposed 

 Water around sockets – water is a good conductor of electricity – electric shock 

 Pushing metal objects into sockets – metal conducts electricity – electric shock  

 

2.3 understand the uses of insulation, double insulation, earthing, fuses and circuit breakers in a 

range of domestic appliances 

 

Insulation; this is where a non-conducting material is used to cover wires to prevent the user 

accidentally touching the current carrying wire and receiving a shock 

 

Double insulation; this is where, in addition to insulated wires, the case of an appliance is made from 

an insulator (such as plastic or wooden case). This means that if a fault develops inside the appliance 

there is no chance of an electric shock as there are insulators between the user and the fault. 

 

Earthing; where appliances have metal cases an Earth wire is required. If a fault occurs here then the 

live wire could come into contact with the metal case. If a user then touched the metal case they 

would receive a shock as the metal is a conductor. The Earth with is connected to the outer metal 

case of the appliance. If a fault develops then the current passes through the Earth wire to the Earth 

which prevents a user receiving a shock. Earth wires are not required for plastic coated appliances 

(see double insulation). 

 

Both double insulation and Earthing help prevent electric shocks to users if a fault develops. 

 

Fuses; these are designed to prevent too much current flowing to appliances. A fuse consists of a 

thin metal wire which is designed to melt at a specific current. When current flows through a wire it 

causes the wire to heat up. If the current is higher than the rating of the fuse, the fuse wire will melt. 

This breaks the circuit and prevents too much current reaching the appliance.  

 

Circuit breakers; these are similar to fuses in that they prevent too much current flowing. They use 

electromagnetism rather than a melting wire to break the circuit. The benefit of circuit breakers is 

that they can be reset if they are tripped. (whereas fuses must be replaced if the blow). 

 

Both fuses and circuit breakers help prevent damage to appliances by limiting the amount of current 

flowing to them. 
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2.4 understand that a current in a resistor results in the electrical transfer of energy and an increase 

in temperature, and how this can be used in a variety of domestic contexts 

 

When current flows through a wire, the wire heats up. Current in a metal wire is caused by free 

electrons which move from negative to positive. These electrons collide with the positive ion lattice 

of the metal and transfer kinetic energy to the lattice. The ions in the lattice start to vibrate more 

and the temperature of wire increases. 

 

This effect is used to transfer electrical energy to thermal energy e.g. electric hobs, kettles, toasters, 

hair straighteners, hair dryers etc. However, when asked to give an example of this, do not use 

microwave ovens as these use a different method! 

 

2.5 know and use the relationship: 

 

Power = current × voltage P = I × V 

 

and apply the relationship to the selection of appropriate fuses 

 

Electrical power is the rate at which an appliance transfers energy. 

 

The most common fuse ratings in the UK are: 3A, 5A and 13A 

 

Example: a hair dryer is rated 1000W, 230V.  

Decide, using the above formula, what value of fuse would be appropriate.  

 

I = P/V   I = 1000W/230V = 4.3A – a 5A fuse is ideal 

 

You would not choose a 3A fuse because the hair dryer would not work as the fuse will blow when 

the hair dryer is switched on. 

You would not choose a 13A fuse. Because there will be a chance that the hair dryer will overheat 

and catch fire as nearly three times the usually working current could pass through the hair dryer 

before the fuse blows.  

 

The fuse selected should be the next highest value above the working current. 

  



2.6 use the relationship between energy transferred, current, voltage and time:  

 

energy transferred = current × voltage × time E = I × V × t 

 

When current flows, energy is transferred. This energy transferred depends on the current flowing 

through it, the voltage applied and how long it is on for (measured in seconds!) 

 

Example: An electric kettle connected to the 230V supply draws a current of 10A. What is the 

energy transferred in 1 minute? 

 

E = I x V x t;   

 

E = 10A x 230V x 60s = 138000 J = 138 kJ. 

 

  



2.7 understand the difference between mains electricity being alternating current (a.c.) and direct 

current (d.c.) being supplied by a cell or battery. 

 

Direct current (d.c.) – current is flowing in one direction only 

Alternating current (a.c.) – current constantly changes direction (+) to (-) then (-) to (+); this 

usually happens 50 times in one second, so at a frequency of 50Hz. 
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Batteries are an example of direct current  

 current flows in one direction 

 voltage is typically low (around 1.5V for standard AA batteries) 

 amount of current decreases as the battery is running out 

 

The mains provide alternating current 

 current constantly changes direction  

 voltage is typically high (UK mains is approximately 230V) 

 amount of stays constant 

 

  



Electric charge 

Students will be assessed on their ability to: 

2.19 identify common materials which are electrical conductors or insulators, including metals and 

plastics 

 

The main difference between conductors and insulators is that conductors have free electrons 

and insulators don’t. In conductors, electrons can flow freely through the material which allows 

electrical current to flow easily. 

 

 
 

The particles of the insulator do not permit the free flow of electron. 

Insulators: plastic, wood, rubber 

There is a significant difference between pure water and normal tap water. Pure (distilled) water is 

NOT a good conductor of electricity, where tap water is, because it contains impurities. 

 

2.20 describe experiments to investigate how insulating materials can be charged by 

friction 

 

For example, if polythene (a type of plastic) is rubbed with a dry cloth, electrons are transferred 

from the cloth to the polythene. The polythene gains electrons and becomes negatively charged, 
the cloth loses electrons and becomes positively charged. 
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2.21 explain that positive and negative electrostatic charges are produced on materials 

by the loss and gain of electrons 

Insulators can transfer charge by friction. When the surface of one insulator rubs against another, 

electrons can be transferred. Remember that electrons are the only charges capable of 
moving, the rest of them (protons and neutrons are ‘trapped’ inside the nucleus). 

2.22 understand that there are forces of attraction between unlike charges and forces of 

repulsion between like charges 

 

 
 

Opposite charges attract (positive and negative).  

 

Like charges repel (two positives or two negatives). 

 

These forces get weaker the further apart the two charges are. 

 

2.23 explain electrostatic phenomena in terms of the movement of electrons 

 

Electrostatic phenomena include many examples, some as simple as the attraction of the plastic 

wrapper to your hand after you remove it from a package, to the apparently spontaneous explosion 

of grain silos. Others are the damage of electronic components during manufacturing and the 

operation of photocopiers. Electrostatics involves the buildup of charge on the surface of objects 

due to contact with other surfaces. This could be from a buildup of electrons on one surface or the 

removal of electrons from another surface. 

 

2.24 explain the potential dangers of electrostatic charges, eg when fuelling aircraft and 

tankers 

 

Any accumulation of charges represents a danger, because there will be a potential difference 

(voltage) between the charges and the Earth. Larger the number of accumulated charges, larger the 

voltage. If the connection between the charges and the Earth is made by a person, there is a high risk 

of electric shock; there are high chances of sparks appearing which could lead to fire. 

 

When fuelling a car, petrol runs through pipes and nozzle and due to friction, electrostatic charges 

are created.  The risk of caching fire considerably increases when aircrafts r tankers are fuelled, 

because of the increased amount of fuel needed. Aircrafts are earthed: a metal wire is connected 

between the metallic part of the aircraft and the ground, so all electrostatic charges are safely 

conducted through the wire away from the aircraft. 
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2.25 explain some uses of electrostatic charges, eg in photocopiers and inkjet printers. 

 

 

An inkjet printer uses electrostatic charge to direct the tiny ink droplets to the correct place on the 

page. Coloured ink is passed through a very small hole called a nozzle which separates the ink into 

many tiny droplets. The tiny droplets are given an electrostatic charge. 
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