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Known only by its effects, electricity provides an ideal vehicle to illustrate the use and power of 

scienti� c models. During the course of the 20th century, electrical engineers completely changed 

whole societies, by designing systems for electrical generation and distribution, and a whole range of 

electrical devices.

In this module, candidates learn how scientists visualise what is going on inside circuits and predict 

circuit behaviour. The idea of current as a � ow of electrons is introduced in the � rst topic. In the second 

topic, useful models of charge moving through circuits driven by a voltage and against a resistance are 

introduced. A more general understanding of voltage as potential difference is developed in the third 

topic.

The concepts of current and voltage are further developed in the topic on generation of electricity. 

The � nal topic relates these concepts to power, and introduces the idea of ef� ciency of electrical 

appliances.

� Candidates will only be expected to consider situations in which the internal resistance of 

batteries or other electrical power supplies is negligible and can be ignored.

3.4.2 Module P5: Electric circuits

Overview

Topics

P5.1 Electric current – a � ow of what?

Electric current as a � ow of charge

How the charge moves

P5.2 What determines the size of the current in an electric circuit and the energy it transfers?

Voltage

Current and resistance

Series and parallel circuits

P5.3 How do parallel and series circuits work?

Voltage and how it behaves in a series circuit

Current and how it behaves in a parallel circuit

P5.4 How is mains electricity produced? How are voltages and currents induced?

How generators work

Transformers

Alternating current and direct current

P5.5  How do electric motors work?

How motors work and some uses
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Opportunities for mathematics

Opportunities for practical work

Opportunities for ICT

This module offers opportunities to develop mathematics skills. For example:

 • carry out calculations using experimental data, including � nding the mean and the range

 • carry out calculations using fractions and percentages

 • use ideas of proportion

 • use ideas of ratios in the context of transformers

 • use equations, including appropriate units for physical quantities

 • plot, draw and interpret graphs from candidates’ own and secondary data

 • use ideas about probability in the context of risk.

This module offers opportunities for practical work in teaching and learning. For example:

 • investigating the behaviour of electric circuits

 • making both model generators and motors and investigating factors affecting their behaviour

 • investigating the behaviour of transformers.

This module offers opportunities to illustrate the use of ICT in science. For example:

 • studying electric � elds between charged particles and surfaces

 • using computer simulations to construct virtual circuits and test their behaviour.

Use of ICT in teaching and learning can include:

 • modelling software to explore electric circuit theory

 • animations to illustrate models of electric current as � owing charges.



44
© OCR 2011 GCSE Physics A

3

Module P5: Electric circuits – Ideas about Science

Module P5 provides opportunities to develop candidates’ understanding of these Ideas about Science

1 Data: their importance and limitations

Candidates should understand that: A candidate who understands this can, for 

example:

1.1 • data are crucial to science. The search for 

explanations starts from data; and data are 

collected to test proposed explanations.

• use data rather than opinion if asked to justify 

an explanation

• outline how a proposed scienti� c explanation 

has been (or might be) tested, referring 

appropriately to the role of data.

1.2 • we can never be sure that a measurement 

tells us the true value of the quantity being 

measured.

• suggest reasons why a given measurement 

may not be the true value of the quantity 

being measured.

1.3 • if we make several measurements of any 

quantity, these are likely to vary.

• suggest reasons why several measurements 

of the same quantity may give different 

values

• when asked to evaluate data, make 

reference to its repeatability and/or 

reproducibility.

1.4 • the mean of several repeat measurements 

is a good estimate of the true value of the 

quantity being measured.

• calculate the mean of a set of repeated 

measurements

• from a set of repeated measurements of a 

quantity, use the mean as the best estimate 

of the true value

• explain why repeating measurements leads 

to a better estimate of the quantity.

1.5 • from a set of repeated measurements of a 

quantity, it is possible to estimate a range 

within which the true value probably lies.

• from a set of repeated measurements of 

a quantity, make a sensible suggestion 

about the range within which the true value 

probably lies and explain this

• when discussing the evidence that a 

quantity measured under two different 

conditions has (or has not) changed, 

make appropriate reference both to the 

difference in means and to the variation 

within each set of measurements.

1.6 • if a measurement lies well outside the range 

within which the others in a set of repeats 

lie, or is off a graph line on which the others 

lie, this is a sign that it may be incorrect. 

If possible, it should be checked. If not, it 

should be used unless there is a speci� c 

reason to doubt its accuracy.

• identify any outliers in a set of data

• treat an outlier as data unless there is a 

reason for doubting its accuracy

• discuss and defend the decision to 

discard or to retain an outlier.
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2 Cause-effect explanations

Candidates should understand that: A candidate who understands this can, for 

example:

2.1 • it is often useful to think about processes 

in terms of factors which may affect an 

outcome (or input variables which may affect 

an outcome variable).

• in a given context, identify the outcome and 

factors that may affect it

• in a given context, suggest how an outcome 

might alter when a factor is changed.

2.2 • to investigate the relationship between a 

factor and an outcome, it is important to 

control all the other factors which we think 

might affect the outcome (a so-called ‘fair 

test’).

• identify, in a plan for an investigation of the 

effect of a factor on an outcome, the fact 

that other factors are controlled as a positive 

design feature, or the fact that they are not 

as a design � aw

• explain why it is necessary to control all the 

factors that might affect the outcome other 

than the one being investigated.

2.3 • if an outcome occurs when a speci� c factor 

is present, but does not when it is absent, 

or if an outcome variable increases (or 

decreases) steadily as an input variable 

increases, we say that there is a correlation 

between the two.

• suggest and explain an example from 

everyday life of a correlation between a 

factor and an outcome

• identify where a correlation exists when data 

are presented as text, as a graph, or in a 

table.

�  Examples may include both positive and 

negative correlations, but candidates will not 

be expected to know these terms.

2.4 • a correlation between a factor and an 

outcome does not necessarily mean that the 

factor causes the outcome; both might, for 

example, be caused by some other factor.

• use the ideas of correlation and cause when 

discussing data and show awareness that a 

correlation does not necessarily indicate a 

causal link

• identify, and suggest from everyday 

experience, examples of correlations 

between a factor and an outcome where the 

factor is (or is not) a plausible cause of the 

outcome

• explain why an observed correlation between 

a given factor and outcome does not 

necessarily mean that the factor causes the 

outcome.

2.5 • in some situations, a factor alters the chance 

(or probability) of an outcome, but does 

not invariably lead to it. We also call this a 

correlation.

• suggest factors that might increase the 

chance of a particular outcome in a given 

situation, but do not invariably lead to it

• explain why individual cases do not provide 

convincing evidence for or against a 

correlation.

2.6 • to investigate a claim that a factor increases 

the chance (or probability) of an outcome, 

scientists compare samples (eg groups of 

people) that are matched on as many other 

factors as possible, or are chosen randomly 

so that other factors are equally likely in both 

samples. The larger the samples, the more 

con� dent we can be about any conclusions 

drawn.

• discuss whether given data suggest that 

a given factor does/does not increase the 

chance of a given outcome

• evaluate critically the design of a study to 

test if a given factor increases the chance of 

a given outcome, by commenting on sample 

size and how well the samples are matched.
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2 Cause-effect explanations

Candidates should understand that: A candidate who understands this can, for 

example:

2.7 • even when there is evidence that a factor 

is correlated with an outcome, scientists 

are unlikely to accept that it is a cause of 

the outcome, unless they can think of a 

plausible mechanism linking the two.

• identify the presence (or absence) of 

a plausible mechanism as reasonable 

grounds for accepting (or rejecting) 

a claim that a factor is a cause of an 

outcome.
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Module P5: Electric circuits

P5.1 Electric current – a � ow of what?

1. explain that when two objects are rubbed together they become charged, because electrons 

are transferred from one object to the other

2. recall that objects with similar charges repel, and objects with opposite charges attract

3. explain simple electrostatic effects in terms of attraction and repulsion of charges

4. recall that electrons are negatively charged

5. recall that electric current is a � ow of charge

6. recall that electric current is measured in amperes

7. understand that in an electric circuit the metal conductors (the components and wires) contain 

many charges that are free to move

8. understand that when a circuit is made, the battery causes these free charges to move, and 

that they are not used up but � ow in a continuous loop

9. recall that in metallic conductors an electric current is a movement of free electrons that are 

present throughout such materials

10. understand that in metal conductors there are lots of charges free to move but in an insulator 

there are few charges free to move.
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Module P5: Electric circuits

P5.2 What determines the size of the current in an electric circuit and the energy it transfers?

1. recall that the larger the voltage of the battery in a given circuit, the bigger the current

2. recall that components (for example, resistors, lamps, motors) resist the � ow of charge 

through them

3. recall that the larger the resistance in a given circuit, the smaller the current will be

4. recall that the resistance of connecting wires is so small that it can usually be ignored

5. understand that when electric charge � ows through a component (or device), work is done by 

the power supply, and energy is transferred from it to the component and/or its surroundings

6. recall that power (in watts, W) is a measure of the rate at which an electrical power supply 

transfers energy to an appliance or device and/or its surroundings

7. use the equation:

  power = voltage × current

 (watts, W)  (volts, V)  (amperes, A)

8. recall that resistors get hotter when there is an electric current � owing through them, and 

understand that this heating effect is caused by collisions between the moving charges 

and stationary ions in the wire

9. recall that this heating effect makes a lamp � lament hot enough to glow

10. describe how the resistance of an LDR varies with light intensity

11. describe how the resistance of a thermistor (ntc only) varies with temperature

12. recognise and use the electrical symbols for a cell, power supply, � lament lamp, switch, LDR, 

� xed and variable resistor, thermistor, ammeter and voltmeter

13. understand that two (or more) resistors in series have more resistance than either one on its 

own, because the battery has to move charges through both of them

14. understand that two (or more) resistors in parallel provide more paths for charges to move 

along than either resistor on its own, so the total resistance is less

15. use the equation:

  resistance (ohms, �) =
voltage (volts, V)

current (amperes, A)

16. describe in words, or using a sketch graph, how the current through a component varies with 

voltage across it when the resistance stays constant.
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Module P5: Electric circuits

P5.3 How do parallel and series circuits work?

1. describe how a voltmeter should be connected to measure the potential difference between 

any two chosen points

2. recall that the voltage across a battery (measured in V) provides a measure of the ‘push’ of the 

battery on the charges in the circuit

3. recall that potential difference is another term for voltage

4. relate the potential difference between two points in the circuit to the work done on, or by, a 

given amount of charge as it moves between these points

5. describe the effect on potential difference and current of adding further identical batteries in 

series and in parallel with an original single one

6. understand that when two (or more) components are connected in series to a battery:

 a. the current through each component is the same

 b. the potential differences across the components add up to the potential difference 

across the battery (because the work done on each unit of charge by the battery 

must equal the work done by it on the circuit components)

 c. the potential difference is largest across the component with the greatest resistance, 

because more work is done by the charge moving through a large resistance than 

through a small one

 d. a change in the resistance of one component (variable resistor, LDR or thermistor) 

will result in a change in the potential differences across all the components

7. understand that when several components are connected in parallel directly to a battery:

 a. the potential difference across each component is equal to the potential 

difference of the battery

 b. the current through each component is the same as if it were the only component 

present

 c. the total current from (and back to) the battery is the sum of the currents through each of 

the parallel components

 d. the current is largest through the component with the smallest resistance, because the 

same battery voltage causes a larger current to � ow through a smaller resistance 

than through a bigger one.
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Module P5: Electric circuits

P5.4 How is mains electricity produced? How are voltages and currents induced?

1. recall that mains electricity is produced by generators

2. recall that generators produce a voltage by a process called electromagnetic induction

3. understand that when a magnet is moving into a coil of wire a voltage is induced across the 

ends of the coil

4. understand that if the magnet is moving out of the coil, or the other pole of the magnet is 

moving into it, there is a voltage induced in the opposite direction

5. understand that if the ends of the coil are connected to make a closed circuit, a current will 

� ow round the circuit

6. understand that a changing magnetic � eld caused by changes in the current in one coil of wire 

can induce a voltage in a neighbouring coil

7. describe the construction of a transformer as two coils of wire wound on an iron core

8. understand that a changing current in one coil of a transformer will cause a changing 

magnetic � eld in the iron core, which in turn will induce a changing potential difference 

across the other transformer coil

9. recall that a transformer can change the size of an alternating voltage

10. use the equation:

voltage across primary coil

voltage across secondary coil
=

number of turns in primary coil

number of turns in secondary coil

11. describe how, in a generator, a magnet or electromagnet is rotated within a coil of wire to 

induce a voltage across the ends of the coil

12. understand that the size of this induced voltage can be increased by:

 a. increasing the speed of rotation of the magnet or electromagnet

 b. increasing the strength of its magnetic � eld

 c. increasing the number of turns on the coil

 d. placing an iron core inside the coil

13. describe how the induced voltage across the coil of an a.c. generator (and hence 

the current in an external circuit) changes during each revolution of the magnet or 

electromagnet

14. understand that when the current is always in the same direction, it is a direct current (d.c.), eg 

the current from a battery

15. recall that mains electricity is an a.c. supply

16. understand that a.c. is used because it is easier to generate than d.c., and is easier and 

simpler to distribute over long distances

17. recall that the mains domestic supply in the UK is 230 volts.
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Module P5: Electric circuits

P5.5 How do electric motors work?

1. understand that a current-carrying wire or coil can exert a force on a permanent magnet, or on 

another current-carrying wire or coil nearby

2. understand that a current-carrying wire, if placed in a magnetic � eld whose lines of force are 

at right-angles to the wire, experiences a force at right angles to both the current direction and 

the lines of force of the � eld

3. recall that a current-carrying wire that is parallel to the lines of force of a magnetic � eld 

experiences no force

4. explain how the motor effect can result in a turning force on a rectangular current-carrying coil 

placed in a uniform magnetic � eld

5. understand that the motor effect can be used to produce continuous rotation of the coil, by 

using a commutator to ensure that the direction of the current in the coil is reversed at an 

appropriate point in each revolution

6. explain the role and use of motors in devices including domestic appliances, hard disc drives, 

DVD players and electric motor vehicles.


