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Simple but counterintuitive concepts of forces and motion, developed by Galileo and Newton, can 

transform young people’s insight into everyday phenomena. These ideas also underpin an enormous 

range of modern applications, including spacecraft, urban mass transit systems, sports equipment and 

rides at theme parks.

This module starts by looking at how speed is measured and represented graphically and the idea of 

velocity (as distinct from speed).

The second topic introduces the idea of forces: identifying, describing and using forces to explain 

simple situations. This is further developed in the third topic where resultant forces and changes in 

momentum are described.

The � nal topic considers how we can explain motion in terms of energy changes.

3.4.1 Module P4: Explaining motion

Topics

P4.1 How can we describe motion?

Calculation of speed

Velocity

Acceleration

Graphical representations of speed and velocity

P4.2 What are forces?

The identi� cation of forces and ‘partner’ forces

P4.3 What is the connection between forces and motion?

Resultant forces and change in momentum

Relating momentum to road safety measures

P4.4 How can we describe motion in terms of energy changes?

Work done

Changes in energy

GPE and KE

Losses due to air resistance and friction

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

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

 • use ideas of proportion

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

 • use equations, including appropriate units for physical quantities

 • use ideas about probability in the context of risk.

Overview

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

 • use data logging to investigate motion

 • investigate the behaviour of colliding and ‘exploding’ objects

 • investigate the effect of different combinations of surfaces on the frictional forces

 • investigate the motion of objects in free fall and the effects of air resistance.

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

 • computer programs that control the motion of spacecraft

 • use of computers for collecting, storing and displaying data on forces in simulated vehicle 

collisions

 • computer-enhanced use of radar to predict � ight paths of aircraft.

Use of ICT in teaching and learning can include:

 • video clips to provide contexts for learning about forces and motion

 • animations to illustrate interactive force pairs in various situations

 • animations to show the meaning of distance-time and other graphs

 • sensors and data loggers to collect measurements of movement for analysis

 • modelling software to analyse motion.

Opportunities for practical work

Opportunities for ICT
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Module P4: Explaining motion – Ideas about Science

Module P4 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.

3 Developing scienti� c explanations

3.1 • scienti� c hypotheses, explanations and 

theories are not simply summaries of the 

available data. They are based on data but 

are distinct from them.

• in a given account of scienti� c work, 

identify statements which report data and 

statements of explanatory ideas (hypotheses, 

explanations, theories)

• recognise that an explanation may be 

incorrect even if the data agree with it.

3.2 • an explanation cannot simply be deduced 

from data, but has to be thought up 

creatively to account for the data.

• identify where creative thinking is involved in 

the development of an explanation.

3.3 • a scienti� c explanation should account for 

most (ideally all) of the data already known. 

It may explain a range of phenomena not 

previously thought to be linked. It should also 

enable predictions to be made about new 

situations or examples.

• recognise data or observations that are 

accounted for by, or con� ict with, an 

explanation

• give good reasons for accepting or rejecting 

a proposed scienti� c explanation

• identify the better of two given scienti� c 

explanations for a phenomenon, and give 

reasons for the choice.

3.4 • scienti� c explanations are tested by 

comparing predictions based on them with 

data from observations or experiments.

• draw valid conclusions about the implications 

of given data for a given scienti� c 

explanation, in particular:

 – understand that agreement between a 

prediction and an observation increases 

con� dence in the explanation on which 

the prediction is based but does not 

prove it is correct

 – understand that disagreement between 

a prediction and an observation indicates 

that one or other is wrong, and decreases 

our con� dence in the explanation on 

which the prediction is based.



38
© OCR 2011 GCSE Physics A

3

Module P4: Explaining motion

P4.1 How can we describe motion?

1. apply the following equation to situations where an average speed is involved:

  speed (m/s) =
distance travelled (m)

time taken (s)

2. distinguish between average speed and instantaneous speed (in effect, an average over a 

short time interval) for examples of motion where speed is changing

3. understand that the displacement of an object at a given moment is its net distance 

from its starting point together with an indication of direction

4. draw and interpret a distance-time (or displacement-time) graph for an object that is:

 a. stationary

 b. moving at constant speed

 c. moving with increasing or decreasing speed

5. interpret a steeper gradient of a distance-time graph as a higher speed

6. calculate a speed from the gradient of a straight section of a distance-time graph

7. draw and interpret a speed-time graph for an object that is:

 a. stationary

 b. moving in a straight line with constant speed

 c. moving in a straight line with steadily increasing or decreasing speed (but no change of 

direction)

8. understand that in many everyday situations, acceleration is used to mean the change in 

speed of an object in a given time interval

9. recall that the instantaneous velocity of an object is its instantaneous speed together with an 

indication of the direction

10. understand that the velocity of an object moving in a straight line is positive if it is 

moving in one direction and negative if it is moving in the opposite direction

11. draw and interpret a velocity-time graph for an object that is:

 a. stationary

 b. moving in a straight line with constant speed

 c. moving in a straight line with steadily increasing or decreasing speed (including 

situations involving a change of direction).

12. calculate the acceleration from the gradient of a velocity–time graph (or from a speed-

time graph in situations where direction of motion is constant)

13. calculate acceleration using the equation:

  acceleration (m/s2) =
change in velocity (m/s)

time taken (s)
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Module P4: Explaining motion

P4.2 What are forces?

1. recall that a force arises from an interaction between two objects

2. understand that when two objects interact, both always experience a force and that these two 

forces form an interaction pair

3. in simple everyday situations:

 a. identify forces arising from an interaction between two objects

 b. identify the ‘partner’ of a given force (ie the other force of the interaction pair)

 c. specify, for each force, the object which exerts it, and the object on which it acts

 d. use arrows to show the sizes and directions of forces acting

4. understand that the two forces in an interaction pair are equal in size and opposite in direction, 

and that they act on different objects

5. describe the interaction between two surfaces which slide (or tend to slide) relative to each 

other: each surface experiences a force in the direction that prevents (or tends to prevent) 

relative movement; this interaction is called friction

6. describe the interaction between an object and a horizontal surface it is resting on: the object 

pushes down on the surface, the surface pushes up on the object with an equal force, and this 

is called the reaction of the surface

7. recall that friction and the reaction of a surface arise in response to the action of an applied 

force, and their size matches the applied force up to a limit

8. use the ideas of friction and reaction to explain situations such as the driving force on vehicles 

and walking

9. use the idea of a pair of equal and opposite forces to explain in outline how rockets and jet 

engines produce a driving force.
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Module P4: Explaining motion

P4.3 What is the connection between forces and motion?

1. interpret situations in which several forces act on an object

2. understand that the resultant force on an object is the sum of all the individual forces acting on 

it, taking their directions into account

3. understand that if a resultant force acts on an object, it causes a change of momentum in the 

direction of the force

4. use the de� nition:

  momentum = mass × velocity

 (kg m/s)  (kg)  (m/s)

5. understand that the size of the change of momentum of an object is proportional to the size of 

the resultant force acting on the object and to the time for which it acts:

  change of momentum = resultant force × time for which it acts

 (kg m/s)  (N)  (s)

6. understand how the horizontal motion of objects (like cars and bicycles) can be analysed in 

terms of a driving force (produced by the engine or the cyclist), and a counter force (due to 

friction and air resistance)

7. understand that for an object moving in a straight line, if the driving force is:

 a. greater than the counter force, the vehicle will speed up

 b. equal to the counter force, the vehicle will move at constant speed in a straight line

 c. smaller than the counter force, the vehicle will slow down

8. understand that, in situations involving a change in momentum (such as a collision), the longer 

the duration of the impact, the smaller the average force for a given change in momentum

9. use ideas about force and momentum to explain road safety measures, such as car seat-

belts, crumple zones, air bags, and cycle and motorcycle helmets

10. understand how the vertical motion of objects (falling, or initially thrown upwards) can be 

analysed in terms of the forces acting (gravity, air resistance)

11. understand that, if the resultant force on an object is zero, its momentum does not change (if it 

is stationary, it stays at rest; if it is already moving, it continues at a constant velocity [a steady 

speed in a straight line]).
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Module P4: Explaining motion

P4.4 How can we describe motion in terms of energy changes?

1. recall that the energy of a moving object is called its kinetic energy

2. recall that as an object is raised, its gravitational potential energy increases, and as it falls, its 

gravitational potential energy decreases

3. recall that when a force moves an object, it does work

4. use the equation:

  work done by a force = force × distance moved in the direction of the force

 (joules, J)  (newtons, N)  (metres, m)

5. understand that when work is done on an object, energy is transferred to the object and when 

work is done by an object, energy is transferred from the object to something else, according 

to the relationship:

  amount of energy transferred = work done

 (joules, J)  (joules, J)

6. understand that when an object is lifted to a higher position above the ground, work is done by 

the lifting force; this increases the gravitational potential energy

7. use the equation:

  change in gravitational potential energy = weight × vertical height difference

 (joules, J)  (newtons, N)  (metres, m)

8. understand that when a force acting on an object makes its velocity increase, the force does 

work on the object and this results in an increase in its kinetic energy

9. understand that the greater the mass of an object and the faster it is moving, the greater its 

kinetic energy

10. use the equation:

  kinetic energy = ½ × mass × [velocity]2

 (joules, J)    (kilograms, kg)  ([metres per second]2, [m/s]2)

11. understand that if friction and air resistance can be ignored, an object’s kinetic energy 

changes by an amount equal to the work done on it by an applied force

12. understand that air resistance or friction will cause the gain in an object’s kinetic energy to be 

less than the work done on it by an applied force in the direction of motion, because some 

energy is dissipated through heating

13. recall that energy is always conserved in any event or process

14. calculate the gain in kinetic energy, and the speed, of an object that has fallen through a 

given height.


