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Energy can be transferred electrically through circuits to power different components. Series and parallel circuits obey 
different rules and are used for different purposes. Energy in chemical stores can be transferred electrically to fill useful 
energy stores such as light, kinetic or sound energy stores. In an ever developing technological world, the study of electricity 
is fundamental to understanding how appliances work and how they can be made more efficient.   

In this unit you will learn about electrical current, potential difference and resistance and how they are applied in series and 
parallel circuits. You will learn how to calculate these values using equations, as well as how to measure them practically 
using circuits. 

You should know the basic circuit symbols and be able to identify series and parallel circuits.  
You should also know the rules for calculating current and potential difference in series and parallel circuits.  
 
You can recap and test your knowledge here: 
https://www.bbc.co.uk/bitesize/guides/zsfgr82/revision/1 
 
 
 

P1.4 

Electricity transfers energy 



  

1. Which component does this represent? 
£ A. cell  
£ B. wire 
£ C. battery  
 

2. Which of the following is true about parallel circuits? 
£ A. There is more than one path that current can flow through 
£ B. There is only one path that current can flow through 
£ C. There are always two paths that current can flow through 
 

3. Which show the correct way to measure potential difference of the bulb? 

£ A.  
£ B.  
£ C.  
 

4. What unit is current measured in? 
£ A. Volts 
£ B. Ammeter 
£ C. Amperes 
 



 

5. In a series circuit containing 1 bulb, the voltage of the battery was increased from 1.5 V to 3.0 V. The 
brightness of the bulb… 
£ A. does not change 
£ B. increases 
£ C. decreases 
 

6. Some students make a model of a series circuit by holding a loop of rope in a circle. The teacher 
pushes the rope along so it moves at a steady speed, whilst 5 other students hold the rope loosely in their 
hands. What does the speed of the moving rope represent? 
£ A. Potential difference  
£ B. Energy 
£ C. Current 
 

7. The ammeters in the circuit on the right showed the following readings: 
A1 = 2 A       A2 = 1 A 
What are the readings at A3 and A4? 
£ A. A3 = 2 A          A4 = 2 A  
£ B. A3 = 1 A          A4 = 1 A 
£ C. A3 = 1 A          A4 = 2 A 
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8. Bulb 1 breaks in this circuit. Now bulb 2 does not light. Assume bulb 2 has not broken. Which is the 
best explanation for what has happened? 
£ A. Bulb 1 has used up all the current in the circuit  
£ B. The circuit is now incomplete so current cannot flow 
£ C. Bulb 2 must need more energy to light up 
 

9. Complete the following sentence: 
The potential difference across a battery is… 
£ A. split between two bulbs in a series circuit 
£ B. the same as the potential difference across each bulb in a series circuit 
£ C. split between two bulbs each on a branch of a parallel circuit  
 

10. Which of the following is the best definition of potential difference? 
£ A. The flow of charge around the circuit 
£ B. The amount of energy shifted from the charge to the component 
£ C. How many cells or batteries are in the circuit 
 

Bulb 1  Bulb 2  



  

Answering B shows that you know a voltmeter is used to measure potential difference 
but not how it should be connected. Answering C shows that you need to revise the 
functions of circuit components.  
Describe how potential difference is measured and how current is measured. 

If you answered A or B you have not remembered the units of current. 
State the SI units for current, potential difference and resistance.  

If you answered A or C you have not understood the relationship between potential 
difference and brightness. Use the PhET simulations to see what happens when potential 
difference and current are changed.  

If you have answered A or B you have not understood the rules for current in a 
parallel circuit.  
Describe and explain the rules to calculate current in parallel and series circuits.  
Suggest what would happen if the bulbs had different resistances.   

Answering A or B shows a misunderstanding of models to represent circuits. The rate 
of flow of charge is the current, which is how quickly the rope is moving.  
Explain what the teacher and students represent in this model. 

Answering A or C shows a misunderstanding of complete and incomplete circuits. 
Current is the rate of flow of charge and so cannot be used up.  
Explain what is meant by a complete and incomplete circuit. 

Answering B or C shows a misunderstanding of the rules for potential difference in 
series and parallel circuits.  
Describe and explain the rules for calculating potential difference in series and 
parallel circuits.  

Answering A or C shows a misunderstanding of the definition of potential difference.  
State the definition of potential difference and the definition of current. 

Answering B or C shows a misunderstanding of series and parallel circuits.  
Draw a series circuit and a parallel circuit, each with 2 bulbs.  

If you answered A you have confused a single cell with a  battery. If you answered B, 
your understanding of circuit symbols is not secure.  
Draw the circuit symbols for: a cell, a battery, a bulb, a resistor, a voltmeter and an 
ammeter. 
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  Definitions  

 Series circuit A circuit where one component follows directly from another, e.g. three bulbs 
in a row with no junctions are said to be connected in series. 

Parallel circuit In a parallel circuit, the current divides into two or more paths before 
recombining to complete the circuit. 

Current The flow of electrical charge 

Potential difference A measure of the energy given to the charge carriers in a circuit. Units = volts 
(V). This is the voltage between two points that makes an electric current flow 
between them. 

Resistance The opposition in an electrical component to the movement of electrical charge 
through it. Resistance is measured in ohms. 

Alternating current Also called ac. An electric current that regularly changes its direction and size 

Direct current Direct current is the movement of charge through a conductor in one direction 
only 

Ammeter A device used to measure electric current 

Voltmeter A device used to measure potential difference or voltage 

Diode An electrical device that allows current to flow in one direction only 

Electrical component A device in an electric circuit, such as a battery, switch or lamp. 

Filament A thin, high resistance wire that gets hot and glows when a current flows 
through it causing it to emit heat and light 

Resistor An electrical component that restricts the flow of electrical charge. 
 
Unit Summary 

• Electrical current transfers energy around circuits.  
• There are two types of current: direct and alternating.  
• The size of the electric current is the rate of flow of electrical charge 
• Many circuits are powered with mains electricity, but portable electrical devices must use batteries of some 

kind. 
• For electrical charge to flow through a closed circuit the circuit must include a source of potential 

difference 
• The current (I) through a component depends on both the resistance (R) of the component and the 

potential difference (V) across the component. The greater the resistance of the component the smaller the 
current for a given potential difference (pd) across the component. 
 

 
 
 Equations you need to learn:  

Power = energy transferred / time 
charge flow = current ×time 
potential difference = current × resistance 

Units :  
Energy = J 
Power = W 
Time = s 
Charge flow = C 
Current = A 
Potential Difference = V 
Resistance = Ω 
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Electrical Circuits and 
Current 

There are many different components that can make up electrical circuits. The following are some of the 
functions: 
Switch - used to turn a circuit on (closed) and off (open). 
Lamp - An electrical current heats the filament in a bulb so that it gives out light. 
Fixed resistor - A resistor limits the flow of electrical current. A fixed resistor has a resistance that does not 
change. 
Variable resistor - Moving the position of the slider on this resistor, changes the resistance. A variable 
resistor is used in some dimmer switches and volume controls. 
Thermistor - The resistance of a thermistor depends on its temperature. At low temperatures, the thermistor 
has a high resistance. As the temperature increases, the resistance decreases. A thermistor can be used in 
thermostats or heat activated fire alarms. 
Light-dependent resistor (LDR) - The resistance of a LDR depends on light intensity. At low light levels, the 
LDR has a high resistance. As the light intensity increases, the resistance decreases. A LDR can be used as a 
sensor in cameras or automatic lights that come on when it gets dark. 
Semiconductor diode 
A semiconductor diode allows current to flow in one direction only. Diodes are used to convert an alternating 
current into a direct current. There are also LEDs (Light emitting diodes), which are semiconductor diodes that 
emit light when current flows through.  
  

Charge = Current x Time 
 
Q = I x t 
 
Charge (Q) measured in 
coulombs (C) 
Current (I) measured in amps (A) 
Time (t) measured in seconds (s) 

Current can be alternating (AC) or direct (DC). In direct current, 
electrons flow consistently in one direction around the circuit, 
whereas in alternating current, the direction of electron flow is 
continuously changing. 
 
Electrons are negatively charged particles, which can transfer energy 
electrically. Charge is property where an object experiences a force in 
an electric field, measured in coulombs. Electrons are tiny particles so 
it would be extremely difficult to discuss the movement of individual 
electrons. 1 coulomb of charge is the equivalent of 6.25 x 1018 electrons.   
 
When current flows, electrical work is done and energy is 
transferred. Current is the rate of flow of charge, which is a 
measure of how quickly charge is passing around the circuit. 
 
Current is measured using an ammeter. As current through a 
component is measured, the ammeter must be connected in series with 
the component.  
 
  

 



1. Calculate the current if 500 C of charge flow in 2000 seconds. 
 
 

2. Calculate the current when 16 C of charge flows in 128 seconds.  
 
 

3. Calculate the charge that flows in 20 seconds when the current is 0.2 A. 
 
 

4. Calculate the charge flowing every 5 seconds if the current is 0.16 A. 
 
 

5. Calculate how long a charge of 25 C takes to flow when current is 0.5 A.  
 
 

6. How long must a circuit be switched on for if 3000 C of charge flow with a current of 0.3 A.  
 



 

2. Which is the correct unit of charge? 
£ A. electrons  
£ B. coulombs  
£ C. amperes  
 

3. What magnitude of charge could flow in 10 seconds if the current is 0.5 A.  
£ A. 0.05   
£ B. 20  
£ C. 5  
 

1. Which is the best definition of current? 
£ A. The rate of flow of charge  
£ B. The amount of charge  
£ C. The amount of energy in the circuit  
 

Electric current is a measure of how quickly charge travels through a circuit, therefore it is the rate of 
flow of charge. Answering B or C shows you have not understood the definition of current.  
 
State the definition of current and describe how you could use the equation to explain this relationship.  



 
 

Potential Difference 
and Resistance 

Potential difference is a measure of how much energy is transferred between two points in a circuit (i.e. 
before and after a component). This means that voltmeters must be connected in parallel with a 
component to measure the potential difference across it. Potential difference is also known as voltage and 
is measured in volts (V).  
 
When a charge moves through a potential difference, work is done and energy is 
transferred.  
 
Potential difference can be calculated using the equation: 
 
V = E  
      Q 
 
Potential difference (V) measured in volts (V) 
Energy (E) measured in joules (J)      
Charge (Q) measured in coulombs (C)           
 
One volt is the potential difference when one coulomb of charge transfers one joule of energy. 
 
Potential difference can also be calculated using the equation: 
 
V = I x R 
 
Potential difference (V) measured in volts (V) 
Current (I) measured in amps (A) 
Resistance (R) measured in ohms (Ω)  
 
For fixed resistors (resistors in which the resistance does not change), potential difference is directly 
proportional to the current. This relationship is called Ohm’s Law. If components follow this rule they 
are referred to as ohmic conductors. However not all components will be ohmic conductors, as you will 
see below.  

https://www.bbc.co.uk/bitesize/guides/zgvq4qt/revision/3  
 

 

  

Ohmic 
conductor 
(potential 
difference 
and current 
are directly 
proportional).  

In a filament bulb, the 
resistance increases as the 
temperature increases (when 
more energy is supplied 
through a greater potential 
difference). Ions in the 
filament vibrate more, 
making it more difficult for 
the electrons in the current 
to get past. The relationship 
is no longer directly 
proportional. 

In a semiconductor diode, 
current can only flow in 
one direction. If the 
potential difference is set up 
to try and push the current 
the other way, no current 
will flow as the resistance 
remains too large. When 
facing in the right direction, 
at high enough potential 
difference, resistance drops 
and current can flow.   



 

Required Practical – Investigating the factors that affect resistance 
 
Aim:  
To investigate how changing the length of the wire affects its resistance. 
 
Method: 

1. Connect the circuit as shown in the diagram below. 

2. Connect the crocodile clips to the resistance wire, 100 centimetres (cm) apart. 

3. Record the reading on the ammeter and on the voltmeter. 

4. Move one of the crocodile clips closer until they are 90 cm apart. 

5. Record the new readings on the ammeter and the voltmeter. 

6. Repeat the previous steps reducing the length of the wire by 10 cm each time down to a minimum 
length of 10 cm. 

7. Use the results to calculate the resistance of each length of wire by using R = V/I, where R is 
resistance, V is voltage and I is current. 

8. Plot a graph of resistance against length for the resistance wire. 

 
 
Results: 
 
 
 
 
 
Risk assessment: 
 
 
 
 
Conclusion: 



 

1. Which is the best definition of potential difference? 
£ A. How quickly charge flows around a circuit  
£ B. Something that slows down the flow of charge 
£ C. A measure of the energy transferred between two points in a circuit  
 

2. Why are filament bulbs not ohmic conductors? 
£ A. Because their potential difference is directly proportional to the current flowing 
£ B. Because their potential difference is not directly proportional to the current flowing  
£ C. Because they do not allow current to flow in one direction   
 

3. Why does current only flow in one direction through a semiconductor diode? 
£ A. The resistance in one direction is extremely high  
£ B. It is using direct current  
£ C. It flows in both directions, but more slowly in one direction 
 

Potential difference is a measure of the amount of energy transferred between two points in a circuit, or 
the work needed per unit of charge to move a charge between points.  
 
Explain the meanings of potential difference, current and resistance and describe how you could 
calculate each using equations and how you could measure each using a circuit.  



 
  

Series and Parallel 
Circuits 

A series circuit consists of components that are connected in one single loop (i.e. there are no branches). As 
there is only one path for current to flow, if one component is broken the circuit is incomplete and current 
will no longer be able to flow.  
 
Current in series 
Current is the same at all points in a series circuit (measured in amps, using an ammeter connected in series) 
I1 = I2 = I3 
 
Potential difference in series 
The current transfers energy from the power supply to the components. Energy cannot be created or 
destroyed so must be shared between the components. This means that the total potential difference supplied 
is equal to the total of the potential differences across each component. Note, the potential difference will only 
be split equally if the components have the same resistance.  
VS = V1 + V2 
 
Resistance in series: 
For resistors connected in series, there is only one path for the current to flow, meaning the resistances add up.  
Rtotal = R1 + R2  

 

A1 

A2
 

A3 

https://www.bbc.co.uk/bitesize/guides/zgvq4qt/revision/6 
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Parallel circuits consist of components connected to each other using different branches. This means there is 
more than one path for the current to flow. Diagrams of parallel circuits often involve two branches but there 
can be any number of branches and the same rules will still apply. If a component in a parallel circuit is 
broken, that branch is incomplete so current will not flow through that branch, but it may continue to flow in 
other parts of the circuit depending on where the break is.  
 
Current in parallel 
As there are branches and different paths for the current to take, the current will split where there is a 
junction.  
I1 = I2 + I3 = I4 

 
Potential difference in parallel 
As energy is conserved, the energy transferred by the electrons is the same regardless of the path that they 
take. Potential difference is a measure of the amount of energy transferred between two points, which means 
the same amount of energy will be transferred by the charges on different branches. The potential difference 
supplied is equal to the potential difference across each of the parallel components or branches. Note – if 
there are two components on the same branch, they are connected in series within a parallel circuit, so 
potential difference would be shared between them within the branch. 
VS = V1 = V2 
 
Resistance in parallel 
Current will flow through either branch, but not both. This means that as more branches are added, the 
overall resistance decreases because the charges do not all have to flow through the same branch. It can be 
useful to imagine a toll booth – if another booth is opened, there is another route for cars to go through, 
meaning they are slowed down less.  
 
 

 

A1 

A2 

A3 

A4 



 

1 Define ‘series circuit’. 

 (1 mark) 

 

2 Write down rules for: 
 a current in a series circuit 

  (1 mark) 

 b potential differences in a series circuit. 

  

  (1 mark) 

 
3 a Calculate the potential difference across the battery (made up of two 1.5 V 

cells in series) in the circuit below. 

  (1 mark) 

 b The potential difference across resistor P is 0.9 V. Calculate the potential 
difference across resistor Q. 

 

  (2 marks) 

4 Calculate the potential difference across the cell in the circuit below. 

 

 

 (2 marks) 

 



 
  

5 Explain the difference between current and potential difference. 
 

 (2 marks) 

 
6 One possible model for the electrons in a series circuit is that they are like the links in 

a bicycle chain. 

 
 Say how the following behaviours of a bicycle chain are similar to the behaviours 

of electrons in a circuit. 
 a If one part of the chain gets a push from the pedals, the whole chain starts 

moving straight away. 

  

  (1 mark) 

 b The bicycle wheel starts moving even before the first links of the chain that are 
pushed by the pedal reach the wheel. 

  

  (1 mark) 

 c The cyclist does not create the chain, but simply supplies energy to move it. The 
chain was already there before the cyclist started pedalling. 

  

  (2 marks) 

 d Links of the chain do not get ‘used up’ when they turn the wheel. 

  

  (1 mark) 

 e If there is an obstruction, such as a piece of metal, sticking out and rubbing against 
the chain at one place, that slows the movement of the whole chain. 

  

  (1 mark) 

 f Energy transfers to the piece of metal that is rubbing against the chain. The piece 
of metal gets warm. 

  (2 marks) 



 
  

1 A circuit was set up as shown in the diagram. 

  
 Each cell provides a potential difference of 1.5 volts. 
 a What is the total potential difference provided by the four cells in the circuit? 

  (1 mark) 

 b What potential difference is dropped over the 60 Ω resistor? 

  (1 mark) 

 c What is the current reading on the ammeter A? 

  (1 mark) 

 d What is the resistance of the bulb? 
 (2 marks) 

2 

 
 a Calculate the total resistance in this series circuit. 

  (1 mark) 

 b Calculate the potential difference in the circuit. 
  (1 mark) 

  

 



 

3 The resistance of a 24 W, 12 V filament lamp depends on the current flowing through the lamp. For 
currents up to 0.8 A, the resistance has a constant value of 2.5 Ω. 

 Use the equation that relates potential difference to resistance and current to calculate the potential 
difference across the lamp when a current of 0.8 A flows through the lamp. 

 

 (1 mark) 

 
 

4 When all four heating elements are switched on at full power, the hob draws a current of 36 A from the 
230 V mains electricity supply. 

 
 Calculate the resistance of one heating element when the hob is switched on at full power. Give your 

answer to 2 significant figures. 
 

 

 

 (3 marks) 



 

1. Complete the following sentence: 
Current in a parallel circuit… 
£ A. is the same at all points  
£ B. is equal to the total potential difference 
£ C. is split between branches  
 
2. Two identical resistors are connected in series. Which statement is correct? 
£ A. The total resistance is the sum of both resistors  
£ B. The total resistance is less than either of the resistors 
£ C. The total current will be split between them  
 

3. The same two identical resistors (still connected in series) have a current of 5 A flowing through them. 
If each resistor has a resistance of 10 Ω, what is the total potential difference supplied to the circuit? 
£ A. 100 V  
£ B. 2 V 
£ C. 50 V   
 

Current is a measure of the rate of flow of charge in a circuit. A parallel circuit is one in which there are 
branches, meaning that there are different paths for the current to take, so the current is split between 
these branches.  
 
Will current always be split equally between branches in a parallel circuit? Explain your answer.   


