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3.4.1.4 Projectile Motion 
 

Overview 
This bridging course will provide you with a mixture of information 
about A-level Physics, and what to expect from the course, as well as 
key work to complete. Students who are expecting to study Physics at 
A-level, and are likely to meet the entry requirements, must complete 
the bridging course fully and thoroughly, to the best of their ability.  
You should complete all work on paper and keep it in a file, in an 
ordered way. You will submit it to your teacher in September.  
 
All of the work will be reviewed, and selected work will be assessed, 
and you will be given feedback on it. This work will be signalled to you. 
If you do not have access to the internet, please contact the school and 
appropriate resources will be sent to you.  
 
If you are thinking about studying Physics at A-level, you should 
attempt this work to see whether or not you think studying a subject 
like this is right for you. If you later decide to study Physics, you must 
ensure you complete this work in full.  
 
This work should be completed after you have read and 
completed the Study Skills work that all of Year 12 should 
complete.   
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Course Overview 

To successfully achieve a qualification in A-Level Physics students must carry out two years of studies (Year 
12 and Year 13) and carry out 3 assessments at the end of the course based on the specification below.  

In addition, students must carry out a list of 12 required practical activities that they must carry out. Exam 
questions will be based on these practicals. 6 practicals will be carried out in Year 12 and 6 practicals will 
be carried out in Year 13.  

If successful, students will receive a practical endorsement along with their A-Level Physics qualification. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

First year of A-level 

1. Measurements and their errors, including use of SI units and their prefixes, limitations of 
physical measurement, estimation of physical quantities 

2. Particles and radiation, including constituents of the atom, particle interactions, collisions of 
electrons with atoms. 

3. Waves, including progressive waves, interference, diffraction. 

4. Mechanics and energy, including projectile motion, Newton’s laws of motion. 

5. Electricity, including current/ voltage characteristics, circuits, electromotive force and 
internal resistance. 

 

Second year of A-level 

6. Further mechanics and thermal physics, including periodic motion, thermal energy transfer, 
and molecular kinetic theory model. 

7. Fields, including Newton’s law of gravitation, orbits of planets and satellites, magnetic flux 
density. 

8. Nuclear physics, including evidence for the nucleus, radioactive decay, nuclear instability. 

Plus one option from: 

• Astrophysics, including classification of stars by luminosity, Doppler Effect, detection of 
exoplanets. 

• Medical physics, including physics of vision, ECG machines, x-ray imaging. 

• Engineering physics, including rotational dynamics, thermodynamics, and engines. 

• Turning points in physics, including discovery of the electron, Einstein’s theory of special 
relativity. 

• Electronics, including discrete semiconductor devices, data communication systems. 
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Assessment Schedule 

To gain a qualification in A Level Physics – you must sit three examinations.  

 

The marks awarded on the papers will be scaled to meet the weighting of the components.  

Students' final marks will be calculated by adding together the scaled marks for each component. Grade 
boundaries will be set using this total scaled mark. The scaling and total scaled marks are shown in the 
table below. 
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Aim 
In this bridging course, we will outline the basic principles of the four 
key topics covered in Year 12 Physics.  
 
In each topic, we will start by reviewing the understanding which you 
gained in GCSE Physics and apply it to more advanced applications 
found in A-Level Physics.  
 
This is not a comprehensive overview of the A-Level Physics 
specification, rather a taster on what is covered throughout the course.  
 

This bridging course should give you an experience of the level you will 

be expected to study at, at the start of Year 12 

Important 
Please remember to look after your own wellbeing as you work through 

this bridging course.  

Please take regular breaks as you go through this work. 

This work should take approximately 5 hours, so should not be 

completed in one sitting. 

Do not worry or panic if there is something challenging or which you do 

not understand at first. This is completely normal. 

If you do not understand a concept after reviewing this work, please 

contact Mr. Turnbull on his school e-mail address. 

WEEK 4: Mechanics 
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 RECAP TASK 
 
 
 
 
 
 
 
 

Q1.1 A semiconducting diode is an example of a non-ohmic component.  

State what is meant by a non-ohmic component. 

[1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 

A filament lamp is also an example of a non-ohmic component. 

Q1.2 Sketch on the axes below the current-voltage characteristic for a filament lamp. 

[2 Marks] 

 

Q1.3 State, with reference to the current-voltage characteristic you have drawn, how the resistance of the 
lamp changes as the pd across its terminals changes. 

[1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 

In the previous week, we looked at key concepts in Electricity. 

This included looking at the basics of electricity, current-potential 

difference characteristics and resistivity. 

To recap and assess your understanding, answer the following 

questions on these topics. 
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A filament lamp has a power rating of 36 W when there is a pd across its terminals of 12V. 

Q1.4 Calculate the resistance of the filament when the pd across its terminals is 12V. 

 [2 Marks] 

............................................................................................................................................................. 

.............................................................................................................................................................  

............................................................................................................................................................. 

............................................................................................................................................................. 

Answer = ______________________ Ω 

Q1.5 A student predicts that if the pd across the bulb is reduced to 6.0 V the power rating of the bulb 
would be 9.0 W. State and explain how in practice the power rating will be slightly different from this 
value. 

[3 Marks] 

............................................................................................................................................................. 

.............................................................................................................................................................  

............................................................................................................................................................. 

............................................................................................................................................................. 
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Q2. When a filament lamp is switched on it takes 0.50 seconds for the filament to reach its normal 
operating temperature. The way in which the current changes during the first second after switching on is 
shown on the graph below. 

  

Q2.1 Use the graph to determine the maximum current through the lamp. 

 [1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 

 Answer = ______________________ A 

Assuming that the lamp is connected to a 12V dc supply of a negligible internal resistance, 

Q2.2 Calculate the resistance of the lamp when it has reached its normal operating temperature, 

 [1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 

Answer = ______________________ Ω 
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Q2.3 Calculate the power of the lamp when it has reached its normal operating temperature. 

 [1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 

Answer = ______________________ W 

Q2.4 Explain why the current through the lamp decreases between 0.05 s and 0.50 s. 

[2 Marks] 

............................................................................................................................................................. 

.............................................................................................................................................................  

............................................................................................................................................................. 

............................................................................................................................................................. 

State and explain the change, if any, to the final current through the lamp if it is connected to the same 
supply with another similar lamp 

Q2.5 In series, 

[2 Marks] 

............................................................................................................................................................. 

.............................................................................................................................................................  

............................................................................................................................................................. 

Q2.6 In parallel. 

[2 Marks] 

............................................................................................................................................................. 

.............................................................................................................................................................  

............................................................................................................................................................. 

Q2.7 State and explain why a filament lamp is most likely to fail as it is switched on. 

[2 Marks] 

............................................................................................................................................................. 

.............................................................................................................................................................  

............................................................................................................................................................. 

............................................................................................................................................................. 



St Mary’s Catholic School 

A Level Physics: Bridging Course Book 4: Mechanics and Materials   10 

 
 
Q3.1 State what is meant by a superconductor. 

[2 Marks] 

............................................................................................................................................................. 

.............................................................................................................................................................  

............................................................................................................................................................. 

Q3.2 With reference to two uses for superconductors in today’s world, explain the advantage of their use 
compared with conventional conductors such as copper. 

[3 Marks] 

............................................................................................................................................................. 

.............................................................................................................................................................  

............................................................................................................................................................. 

............................................................................................................................................................. 
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ANSWERS 

Q1.1 a non-ohmic conductor does not have a constant resistance (1) 

1 

Q1.2 curve of decreasing gradient with increasing V (1) 

attempt to make graph symmetric in two opposite quadrants (1) 
2 

Q1.3 resistance increases as pd increases/current increases (1) 
1 

Q1.4 (use of P = V2/R) 

36 = 144/R (1) 

R = 4.0 (Ω) (1) 
2 

Q1.5 reference to temperature change (1) 

(resulting in) a lower resistance (1) 

(hence) power rating would be greater (1) 
3 

 
Q2.1 current = 0.40 A (1) 

1 

Q2.2 resistance = 12/0.2 = 60 Ω (1) 
1 

Q2.3 power = 12 × 0.2 = 2.4 W (1) 
1 

Q2.4 resistance of filament increases or more collisions/scattering (1) 

as temperature of filament increase or filament gets hot/heats 
(until reaches thermal equilibrium) (1) 

2 

Q2.5 voltage of supply now shared by lamps 
or resistance increased (1) 

hence current reduced (1) 
2 

Q2.6 current through the lamps unchanged/stays the same (1) 

as both connected directly to the supply 
or correct resistance argument (1) 

2 

 



St Mary’s Catholic School 

A Level Physics: Bridging Course Book 4: Mechanics and Materials   12 

 
Q2.7 resistance of lamps will be lower when first switched on (1) 

hence initial current will be larger (1) 

sudden rapid change in temperature (1) 
max 2 

 
Q3.1 zero resistance 

M1 

at or below critical/transition temperature 

A1 
2 

Q3.2 one valid use mentioned or reason why important 

B1 

one valid use with reason why important or two significantly 
different valid uses 

B1 

two valid uses with reasons 

B1 

e.g. uses 

electromagnet/magnets for accelerators/scanners 

generators/transmission lines/electric cables/power 

transmission 

transformers 

computers (reason: increased speed and heating problems) 

amplifiers in radio astronomy (reason: low noise) 

reasons 

can produce extremely high magnetic field strengths 

can produce low-energy (power) loss conductors 

less energy/power wasted or lower energy loss 
3 
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Definition List 
Definitions you must learn for this module. 

Key Word Symbol Definition 

Acceleration a Change of velocity per unit time. 
 

Acceleration of 
free fall 

g Acceleration of an object acted on only by the force of gravity. 
 

Displacement s The distance travelled in a given direction. 
 

Drag force F The force of fluid resistance on an object moving through the 
fluid. 
 

Equilibrium  State of an object when at rest or in uniform motion. 
 

Force F Any interaction that can change the velocity of an object. 
 

Free Body Force 
Diagram 

 A diagram of an object showing only the forces acting on the 
object. 
 

Friction F A force opposing the motion of a surface that moves or tries to 
move across another surface. 

Inertia  The resistance of an object to change its motion. 
 

Mass m A measure of inertia or resistance to change of motion of an 
object. 
 

Motive force F The force that drives a vehicle. 
 

Newton’s 1st Law 
of Motion 

 An object remains at rest or in uniform motion unless acted on 
by a resultant force. 
 

Newton’s 2nd Law 
of Motion 

 The rate of change of momentum of an object is proportional to 
the resultant force. 
 

Power 
 

P The rate of transfer of energy. 

Principle of 
conservation of 
energy 

 Energy cannot be created or destroyed. 
 

Scalar  A physical quantity with magnitude only. 
 

Speed s The change of distance per unit time. 
 

Terminal speed  The maximum speed reached by an object when the drag force 
on it is equal and opposite to the force causing the motion of 
the object. 
 

Useful energy  Energy transferred to where it is wanted when it is wanted. 
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Vector  A physical quantity with magnitude and direction. 

 

Velocity v The change of displacement per unit time. 
 

Weight W The force of gravity acting on an object. 
 

 
  

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IMPORTANT NOTE 
These definitions must be memorised by students. 

You will be tested on your knowledge of these definitions. 
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Equations 
The equations below are used in this module.  

Quantity/Concept Equation(s) 

Weight W = m x g 
 

Velocity 
 

v = Δ s 
      Δ t 
 

Acceleration 
 

a = Δv 
      Δ t 
 

Distance Travelled 
 

d = v x t 

Equations for Uniform Acceleration v = u + at 
 
s = (u + v)   t 
          2  
 
s = ut + at2 
              2 
 
v2 = u2 + 2as 
 

Projectile Motion 
 

v = gt 
 
v2 = 2gs 
 
s = ½ gt2 
 
s = vt /2 
These are not given in your examination. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

IMPORTANT NOTE 
These equations must be memorised by students. 

You will be tested on these equations. 
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The Language of Measurement 
The following subject specific vocabulary provides definitions of key terms used in the A-level 
Science specifications. 
 

Key Term Definition 

Accuracy A measurement result is considered accurate if it is judged to be close to 
the true value. 
 

Calibration Marking a scale on a measuring instrument. 
This involves establishing the relationship between indications of a 
measuring instrument and standard or reference quantity values, which 
must be applied. 
For example, placing a thermometer in melting ice to see whether it 
reads 0 °C, to check if it has been calibrated correctly. 
 

Data Information, either qualitative or quantitative, that has been collected. 
 

Errors 
 

See also uncertainties. 
 

Measurement 
Error 
 

The difference between a measured value and the true value. 
 

Anomalies 
 

These are values in a set of results which are judged not to be part of 
the variation caused by random uncertainty. 
 

Random Errors These cause readings to be spread about the true value, due to results 
varying in an unpredictable way from one measurement to the next. 
Random errors are present when any measurement is made and cannot 
be corrected. The effect of random errors can be reduced by making 
more measurements and calculating a new mean. 
 

Systematic Error 
 

These cause readings to differ from the true value by a consistent 
amount each time a measurement is made. 
Sources of systematic error can include the environment, methods of 
observation or instruments used. 
Systematic errors cannot be dealt with by simple repeats. If a systematic 
error is suspected, the data collection should be repeated using a 
different technique or a different set of equipment, and the results 
compared. 
 

Zero Error Any indication that a measuring system gives a false reading when the 
true value of a measured quantity is zero, e.g. the needle on an 
ammeter failing to return to zero when no current flows. 
A zero error may result in a systematic uncertainty. 
 

Evidence 
 

Data which has been shown to be valid. 
 
 

Fair Test 
 

A fair test is one in which only the independent variable has been 
allowed to affect the dependent variable. 
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Hypothesis 
 

 
A proposal intended to explain certain facts or observations. 

Interval 
 

The quantity between readings, e.g. a set of 11 readings equally spaced 
over a distance of 1 metre would give an interval of 10 centimetres. 
 

Precision 
 

Precise measurements are ones in which there is very little spread about 
the mean value. 
Precision depends only on the extent of random errors – it gives no 
indication of how close results are to the true value. 
 

Prediction 
 

A prediction is a statement suggesting what will happen in the future, 
based on observation, experience or a hypothesis. 
 

Range The maximum and minimum values of the independent or dependent 
variables; important in ensuring that any pattern is detected. 
For example, a range of distances may be quoted as either: 
'From 10 cm to 50 cm' 
or 
'From 50 cm to 10 cm' 
 

Repeatable A measurement is repeatable if the original experimenter repeats the 
investigation using same method and equipment and obtains the same 
results. 
 

Reproducible 
 

A measurement is reproducible if the investigation is repeated by 
another person, or by using different equipment or techniques, and the 
same results are obtained. 
 

Resolution 
 

This is the smallest change in the quantity being measured (input) of a 
measuring instrument that gives a perceptible change in the reading. 
 

Sketch Graph 
 

A line graph, not necessarily on a grid, that shows the general shape of 
the relationship between two variables. It will not have any points 
plotted and although the axes should be labelled, they may not be 
scaled. 
 

True Value 
 

This is the value that would be obtained in an ideal measurement. 
 

Uncertainty 
 

The interval within which the true value can be expected to lie, with a 
given level of confidence or probability, e.g. “the temperature is 20 °C ± 
2 °C, at a level of confidence of 95%. 
 

Validity Suitability of the investigative procedure to answer the question being 
asked. For example, an investigation to find out if the rate of a chemical 
reaction depended upon the concentration of one of the reactants would 
not be a valid procedure if the temperature of the reactants was not 
controlled. 
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Valid Conclusion 
 

A conclusion supported by valid data, obtained from an appropriate 
experimental design and based on sound reasoning. 
 

Variables 
 

These are physical, chemical or biological quantities or characteristics. 
 

Categoric 
Variables 
 

Categoric variables have values that are labels. E.g. names of plants or 
types of material. 
 

Continuous 
Variables 
 

Continuous variables can have values (called a quantity) that can be 
given a magnitude either by counting (as in the case of the number of 
shrimp) or by measurement (e.g. light intensity, flow rate etc.). 
 

Control Variables 
 

A control variable is one which may, in addition to the independent 
variable, affect the outcome of the investigation and therefore must be 
kept constant or at least monitored. 
 

Dependent 
Variables 
 

The dependent variable is the variable of which the value is measured 
for each change in the independent variable. 
 

Independent 
Variables 

The independent variable is the variable for which values are changed or 
selected by the investigator. 
 

Nominal Variables 
 

A nominal variable is a type of categoric variable where there is no 
ordering of categories (e.g. red flowers, pink flowers, blue flowers). 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

IMPORTANT NOTE 
These definitions must be memorised by students. 

You will be tested on your knowledge of these definitions. 
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IMPORTANT 

A video of Mr. Turnbull going through this book can be found 

here. 
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 VIDEO 
COURSE OVERVIEW 
To watch a video looking at all of the concepts in mechanics, please scan one of the following 
codes with your smartphone. 

 

 
 
 
 
 
 
 
 

 
 

 
 

 

 
 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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 TOPIC: 3.4.1.3 Motion Along A Straight Line 
SPEC CHECK 
Specification Completed? 

Displacement, speed, velocity, acceleration. 
v = Δ s 
      Δ t 
a = Δ v 
      Δ t 
Calculations may include average and instantaneous speeds and velocities. 
 

 

Representation by graphical methods of uniform and non-uniform 
acceleration. 
 

 

Significance of areas of velocity–time and acceleration–time graphs and 
gradients of displacement–time and velocity–time graphs for uniform and 
non-uniform acceleration e.g. graphs for motion of bouncing ball. 
 

 

Equations for uniform acceleration: 
v = u + at 
s = (u + v)   t 
          2  
s = ut + at2 
              2 
v2 = u2 + 2as 
Acceleration due to gravity, g. 
 

 

Distinguish between instantaneous velocity and average velocity. 
 

 

Measurements and calculations from displacement–time, velocity–time and 
acceleration–time graphs. 
 

 

Calculations involving motion in a straight line. 
 

 

 
Student Checklist 
Complete the following before attempting any work on this section.  
 

Have I……. 
 

Yes or No? 

Read through the notes of this section? 
 

 

Highlighted/underlined the key concepts of this section? 
 

 

Made my own notes based on the notes of this section? 
 

 

 
 
 
 

Complete the above checklist with the notes of each section before you attempt to 

answer any questions on this section of work. 
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Distance  
 
 
Distance is a scalar quantity. It is a measure of the total length you have moved in a journey.  

 
Displacement  
 
 
Displacement is a vector quantity. It is a measure of how the straight line from how far you are from the 
starting position. 
Distance and Displacement are measured in metres, m

 
 
Speed  
 
Speed is a measure of how the distance changes with time.  
Since it is dependent on distance travelled it too is a scalar. 

t

d
speed




=  

 
Velocity 
 
Velocity is measure of how the displacement changes with time.   
Since it depends on displacement it is a vector too. 

t

s
v




=

 
Speed and Velocity are is measured in metres per second, m/s 

Time is measured in seconds, s 

 

 

 

 

 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Forces. 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Forces. 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Forces. 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Forces. 

Study Tip  

Learn the base units for this 

equation and the context in which 

it can be used in. 

Study Tip 

Learn what these equations represents. 

The shows the speed and velocity of a moving 

object. 

Study Tip  

This topic is common content with 

the A-Level Mathematics 

specification. 
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Acceleration  

 
Acceleration is the rate at which the velocity changes. Since velocity is a vector quantity, so is acceleration.  
With all vectors, the direction is important. In questions, we decide which direction is positive (e.g. → +ve) 
 
If a moving object has a positive velocity: * a positive acceleration means an increase in the velocity 

* a negative acceleration means a decrease in the velocity  
   (it begins the ‘speed up’ in the other direction) 

 
If a moving object has a negative velocity: * a positive acceleration means an increase in the velocity 

   (it begins the ‘speed up’ in the other direction) 
* a negative acceleration means an increase in the velocity  

 
You must consider the situation of the object to determine which answer is correct. 
 
If an object accelerates from a velocity of u to a velocity of v, and it takes t seconds to do it then we can 

write the equations as 
t

uv
a

)( −
=  it may also look like this 

t

v
a




=  where Δ means the ‘change in’ 

 
Acceleration is measured in metres per second squared, m/s2 

 
Uniform Acceleration 
In this situation, the acceleration is constant – the velocity changes by the same amount each unit of time. 
For example: If acceleration is 2m/s2, this means the velocity increases by 2m/s every second. 
 

Time (s) 0 1 2 3 4 5 6 7 

Velocity (m/s) 0 2 4 6 8 10 12 14 

Acceleration 
(m/s2) 

 2 2 2 2 2 2 2 

 
Non-Uniform Acceleration 
In this situation, the acceleration is changing – the velocity changes by a different amount each unit of 
time. 
 
For example: 

Time (s) 0 1 2 3 4 5 6 7 

Velocity (m/s) 0 2 6 10 18 28 30 44 

Acceleration 
(m/s2) 

 2 4 6 8 10 12 14 

 
 
 
Before we look at the two types of graphs we use to represent motion, we must make sure we know how 
to calculate the gradient of a line and the area under it. 

Gradient  
We calculate the gradient by choosing two points on the line and calculating the change in the y axis 
(up/down) and the change in the x axis (across). 

 

 
 
 

 

x

y
gradient




=

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Forces. 
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Area Under Graph 
At this level, we will not be asked to calculate the area under curves, only straight lines. 
We do this be breaking the area into rectangles (base x height) and triangles (½ base x height). 
 

Displacement-Time Graphs  
 

 

A                     

 B            
 

 C    
Graph A shows that the displacement stays at 3m, it is stationary. 
This is shown by a flat line. 
 
Graph B shows that the displacement increases by the same amount each second, it is travelling with 
constant velocity. 
This is shown by a straight line. 
 
Graph C shows that the displacement covered each second increases each second, it is accelerating. 
This is given by a curving line. 

Since 
x

y
gradient




=  and y = displacement and x = time →  

t

s
gradient




=  →  velocitygradient =  

 
 

 

 

 

 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Forces. 

Study Tip  

Always learn what the 

gradient and area under the 

line represent on a graph. 

Study Tip  

This topic is common content with 

the A-Level Mathematics 

specification. 

Working Scientifically Link 

Remember how to determine velocity from this graph. 

 Working Scientifically Link 

Remember if a line is curved, a tangent must be drawn to work out a gradient by 

drawing the gradient of the tangent. 

 

Examination Tip 

If a section of a displacement-time 

graph is horizontal, the object’s 

velocity is zero.  

It is not moving. 

Examination Tip 

A negative gradient would mean 

the object is moving backwards. 
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Velocity- Time Graphs  

 

A       B     C      
Graph A shows that the velocity stays at 4m/s, it is moving with constant velocity. 
This is shown by a flat line. 
 
 
 
 
Graph B shows that the velocity increases by the same amount each second, it is accelerating by the 
same amount each second (uniform acceleration). 
This is shown by a straight line. 
 
 
 
 
 
Graph C shows that the velocity increases by a larger amount each second, the acceleration is increasing 
(non-uniform acceleration). 
This is shown by a curving line. 

Since 
x

y
gradient




=  and y = velocity and x = time →  

t

v
gradient




=  →   onacceleratigradient =  

 

area = base x height  →  area = time x velocity →   area = displacement  
 

This graph show the velocity decreasing in one direction and 
increasing in the opposite direction. 
 
 
 
 
 
 
 

If we decide that is negative and →is positive then the graph tells us:   
 
The object is initially travels at 5 m/s → It slows down by 1m/s every second. 
 
After 5 seconds the object has stopped 
It then begins to move  It gains 1m/s every second until it is travelling at 5m/s  

 
 
 
 

Examination Tip 

The areas under any negative parts of the graph count as ‘negative areas’ as 

they show the object moving the opposite way to whichever direction you take 

as positive.  

 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Forces. 

Working Scientifically Link 

Remember how to determine displacement and acceleration from this 

graph. 

 

Working Scientifically Link 

Remember if a line is curved, a tangent must be drawn to work 

out a gradient. 

 

Working Scientifically Link 

Remember if a line is trending downwards, then the gradient 

must be a negative value. 

 

Examination Tip 

Remember that u is initial velocity 

and v is final velocity. 
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Acceleration-Time Graphs 

An acceleration-time graph can give you a few values for a journey. 

The height of an acceleration-time graph gives you the acceleration of an object that point of the journey. 

The area under the line of an acceleration-time graph is the velocity of the object during its journey. 

 

 

 

 

 

 

 

Physics Tip 

Uniform acceleration and deceleration are shown by a straight 

line on a velocity-time graph. 

 

Physics Tip 

In a velocity-time graph of a bouncing ball, the maximum velocity decreases with each bounce because 

some of the ball’s kinetic energy is transferred into other forms when it hits the ground. This means 

the height of each bounce also decreases. 

 

Study Tip  

This topic is common content with 

the A-Level Mathematics 

specification. 

Examination Tip 

The displacement and distance travelled is the same if there is no negative part on a velocity-time graph. 

Examination Tip 

Uniform acceleration and deceleration are shown by straight lines on a velocity-time graph. 

Examination Tip 

If the v-t graph is on a grid, you could also work out the area under the graph by counting how many squares make up the 

area. Multiplying the value of each square by the number of squares will give you displacement.  
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Defining Symbols 

 
Before we look at the equations we need to assign letters to represent each variable 

 Displacement  = s     m metres 
 Initial Velocity  = u     m/s metres per second 
 Final Velocity = v     m/s metres per second 
 Acceleration  = a    m/s2 metres per second per second 
 Time  = t     s seconds 

 

Equations of Motion 
Equation 1 

If we start with the equation for acceleration 
t

uv
a

)( −
=   we can rearrange this to give us an equation 1 

)( uvat −=  → vuat =+  atuv +=  

 
 
 
 
 
 
 
 
Equation 2 
We start with the definition of velocity and rearrange for displacement 
velocity = displacement / time  → displacement = velocity x time 

 
In situations like the graph to the right the velocity is constantly changing, 
we need to use the average velocity. 
displacement = average velocity x time 
 

The average velocity is given by:  average velocity =
2

)( vu +
 

 
We now substitute this into the equation above for displacement 

Displacement = 
2

)( vu +
 x time   → t

vu
s

2

)( +
=  tvus )(

2
1 +=  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Examination Tip 

These equations are also known as the ‘SUVAT’ equations. 

 

Key Topic Warning 
This topic is very common for questions on previous A-Level Papers. 

Study Tip  

Learn the base units for this 

equation and the context in which 

it can be used in. 

Study Tip 

Learn what these equations re\presents. 

The shows the motion of an object with 

constant acceleration. 

Study Tip  

Learn the base units for this 

equation and the context in which 

it can be used in. 

Study Tip 

Learn what these equations re\presents. 

The shows the motion of an object with 

constant acceleration. 
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Equation 3 
With Equations 1 and 2 we can derive an equation which eliminated v. To do this we simply substitute 

atuv += into tvus )(
2
1 +=  

tatuus ))((
2
1 ++=    →   tatus )2(

2
1 +=   →  )2( 2

2
1 atuts +=  

2

2
1 atuts +=  

 
This can also be found if we remember that the area under a velocity-time graph represents the distance 
travelled/displacement. The area under the line equals the area of rectangle A + the area of triangle B. 

Area = Displacement = s = tuvut )(
2
1 −+  since 

t

uv
a

)( −
=   then  )( uvat −=  so the equation becomes 

tatuts )(
2
1+=  which then becomes equation 3 

 
 
 
 
 
 
 
 
 
 
Equation 4 

If we rearrange equation 1 into 
a

uv
t

)( −
=  which we will then substitute into equation 2:  

tvus )(
2
1 +=   →  

a

uv
vus

)(
)(

2
1

−
+=  → ))((

2
1 uvvuas −+=  →  )(2 22 uuvuvvas −−+=   →  222 uvas −=    

 asuv 222 +=  

 
 
 
 
 
 
 
 
Any question can be solved if three of the variables are given in the question. 
Write down all the variables you have and the one you are asked to find, then see which 
equation you can use. 
These equations can only be used for motion with UNIFORM ACCELERATION. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Examination Tip 

Deceleration is the same as negative acceleration. 

 

Study Tip  

This topic is common content with 

the A-Level Mathematics 

specification. 

Study Tip  

Learn the base units for this 

equation and the context in which 

it can be used in. 

Study Tip 

Learn what these equations re\presents. 

The shows the motion of an object with 

constant acceleration. 

Study Tip  

Learn the base units for this 

equation and the context in which 

it can be used in. 

Study Tip 

Learn what these equations re\presents. 

The shows the motion of an object with 

constant acceleration. 

Examination Tip 

Usually you take upwards as the positive direction, however this does not have 

to be the case.  
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 VIDEO 
To watch a video looking at this concept, please scan one of the following codes with your 
smartphone. 

 

 
 
 
 
 
 

 
 
 
 
 
 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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 REVISION SHEET 
 

 

 

 

 

 

Highlight or underline the key information on the revision sheet to consolidate your 
understanding. 
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St Mary’s Catholic School 

A Level Physics: Bridging Course Book 4: Mechanics and Materials   32 
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Reference: CGP Revision Guide 
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 REVIEW QUESTIONS 
 
 

 
A1. What is the velocity of an object? 

[1 Mark] 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 

 
A2. What is the acceleration of an object? 

[1 Mark] 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 
 
 
A3. What are the 4 SUVAT equations for constant acceleration? 

[1 Mark] 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 
 
 
A4. What kind of motion does a curved displacement-time graph show? 

[1 Mark] 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 
 
 
A5. What kind of motion does a straight line on a displacement-time graph show? 

[1 Mark] 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 
 
A6. What does the rate of change of gradient on a displacement-time graph show? 
 
 

[1 Mark] 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 
 
 
 
 
 

To assess your understanding, answer the following questions on this topic. 
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A7. What does the gradient of a velocity-time graph show? 

[1 Mark] 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 
 
 
A8. How is uniform acceleration shown on a velocity-time graph? 

[1 Mark] 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 
 
A9. What does the area under a velocity-time graph tell you? 
 
 

[1 Mark] 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 
 
A10. How would you find velocity from an acceleration-time graph? 
 
 

[1 Mark] 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 
 
 

 

 
 
 
 
 
 
 
 
 
 
 

The answers to the review questions are found on the next page. 
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 REVIEW ANSWERS 
A1. The velocity of an object is its rate of change of displacement. 

 
A2. The acceleration of an object is its rate of change of velocity. 
 
 
A3. v = u + at  
      s = (u+v)/2  x t 
      s = ut + ½ at2 
      v2 = u2 +2as 
 
 
A4. A curved line on a displacement-time graph shows acceleration or deceleration. 
 
 
A5. A straight line on a displacement-time graph shows constant velocity. 
 
 
A6. Acceleration. 

 
A7. The gradient of a velocity-time graph shows the acceleration. 
 
 
A8. Uniform acceleration on a velocity-time graph is shown with a straight line. 
 
 
A9. The area under a velocity-time graph shows the displacement of the object. 
 
 
A10. The velocity can be found from an acceleration-time graph as it is the area under the line. 
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 SELF ASSESSMENT 

 

 

Q1. The table below gives test data relating to three types of petrol driven car used commonly on roads in 
the UK. 

  

car A B C 

mass / kg 1250 1340 1610 

maximum power / kW 74 81 171 

time, in second, taken to 
accelerate from 0 to 96 km per 
hour  

10.9 12.5 6.9 

fuel economy / litre per 100 km 7.7 5.0 9.1 

maximum speed / km h–1 187 177 230 

Q1.1 Calculate the average acceleration, from rest, of car A during the test. Give your answer in m s–2. 

 [3 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

Average Acceleration ______________________ m s–2 

Q1.2 Calculate the resultant force required to make car B accelerate at 2.10 m s–2. 

 [2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

Force ______________________ N 

 

 

To practice your understanding, answer the following questions. 

DO NOT WORRY IF YOU STRUGGLE AT FIRST. 

The answers are found after the questions. 
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Q1.3 Suggest reasons why the data given for car C may cause environmental and social concerns. 

 [3 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 
Reference: AQA A-Level Examination Legacy Materials 
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Q2. A car is travelling on a level road at a speed of 15.0 m s–1 towards a set of traffic lights when the 
lights turn red. The driver applies the brakes 0.5 s after seeing the lights turn red and stops the car at the 
traffic lights. The table below shows how the speed of the car changes from when the traffic lights turn 
red. 

  

time/s 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 

speed/m s–1 15.0 15.0 12.5 10.0 7.5 5.0 2.5 0.0 

Q2.1 Draw a graph of speed on the y-axis against time on the x-axis on the grid provided. 

 [5 Marks] 
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Q2.2 State and explain what feature of the graph shows that the car’s deceleration was uniform. 

 [2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q2.3 Use your graph to calculate the distance the car travelled after the lights turned red to when it 
stopped. 

 [4 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

Answer ____________________ m 
Reference: AQA A-Level Examination Legacy Materials 
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 ANSWERS 

Q1.1 divides a speed (from the table) by 10.9 

C1 

converts speed to m s–1 (26.7) 

C1 

2.4/2.45/2.5 (m s–2) 

A1 
3 

Q1.2 multiples 2.10 by a mass from the table 

C1 

2810 (N) 

A1 
2 

Q1.3 any two from 

Fuel consumption is high 

B1 

Emissions will also be high 

B1 

Max speed is very high 

B1 

any one from 

Wasteful of resources 

B1 

Links high emissions to global warming/specified environmental issue 

B1 

Road safety implications of high speed 

B1 
Max 3 
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Q2.1 Axes labelled correctly with correct units shown (1) 

Suitable scales (1) 

6 points plotted correctly (1) 

All points plotted correctly (1) 

Both sections of line drawn correctly (1) 

  
5 

Q2.2 The gradient (of the slope section) represents the deceleration/ calculates 5 m s–2 (1) 

(deceleration is uniform because) the gradient is constant/ line is straight (1) 

 

Q2.3 Distance travelled = area under line (0 to 3.5 s or 0.5 to 3.5 s) (1) 

(= 15.0 × 0.5) = 7.5 m in first 0.5 s (1) 

(= 0.5 × 15.0 × 3.0) or s = ½ (u + v)t, etc) = 22.5 m 
(from 0.5s to 3.5s) (1) 

(= ½ (0.5 + 3.5) × 15 gets all three method marks) 
(total distance travelled = 7.5 + 22.5) = 30m (1) 

6 

[11] 
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 ASSESSMENT QUESTION 
 
 
 
 
 

Q3. The graph represents the motion of two cars, A and B, as they move along a straight, horizontal road. 

 

Describe the motion of each car as shown on the graph. 

Q3.1 car A:  

 [1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q3.2 car B:  

 [2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

Please answer this assessment question on this topic in Physics. 

This work will be formally assessed with feedback given. 

This work will be submitted at the start of the A-Level course in Year 12.  

If we require any help or you wish to receive immediate feedback, please e-mail Mr. Turnbull. 
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Calculate the distance travelled by each car during the first 5.0 s. 

Q3.3 car A:  

 [2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q3.4 car B:  

 [2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q3.5 At time t = 0, the two cars are level.  

Explain why car A is at its maximum distance ahead of B at t = 2.5 s 

 [3 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 
 

Reference: AQA A-Level Examination Legacy Materials 
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 TOPIC: 3.4.1.4 Projectile Motion 
SPEC CHECK 
Specification Completed? 
Independent effect of motion in horizontal and vertical directions of a uniform 
gravitational field. Problems will be solvable using the equations of uniform 
acceleration. 
 

 

 

Qualitative treatment of friction. 
Distinctions between static and dynamic friction will not be tested. 

 

 

Qualitative treatment of lift and drag forces. 

 
 

Terminal speed. 

 
 

Knowledge that air resistance increases with speed. 

 
 

Qualitative understanding of the effect of air resistance on the trajectory of a 
projectile and on the factors that affect the maximum speed of a vehicle. 
 

 

Investigation of the factors that determine the motion of an object through a fluid. 
 

 

 
 
Student Checklist 
Complete the following before attempting any work on this section.  
 

Have I……. 
 

Yes or No? 

Read through the notes of this section? 
 

 

Highlighted/underlined the key concepts of this section? 
 

 

Made my own notes based on the notes of this section? 
 

 

 
 
 
 

 

 

 

 
 
 

Complete the above checklist with the notes of each section before you attempt to 

answer any questions on this section of work. 
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Acceleration Due to Gravity  
 
 
An object that falls freely will accelerate towards the Earth because of the force of gravity acting on it. 
This is called freefall. 
The size of this acceleration does not depend mass, so a feather and a bowling ball accelerate at the same 
rate. On the Moon they hit the ground at the same time, on Earth the resistance of the air slows the 
feather more than the bowling ball. 
 
The size of the gravitational field affects the magnitude of the acceleration. Near the surface of the Earth 
the gravitational field strength is 9.81 N/kg. This is also the acceleration a free falling object would have on 
Earth. In the equations of motion a = g = 9.81 m/s. 
In this module, the gravitational field strength is assumed to be constant. 
Mass is a property that tells us how much matter it is made of. 

Mass is measured in kilograms, kg 
Weight is a force caused by gravity acting on a mass:  
weight = mass x gravitational field strength               mgw=  

Weight is measured in Newtons, N 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Physics Tip 

Weight will always act vertically downwards. 

It has no horizontal component. 

 

Physics Tip 

A reaction force is always perpendicular to the 

surface, and equal in size to the component of the 

object’s weight in the opposite, but parallel direction. 

 

Examination Tip 

It is a common examination question to ask how and why the maximum range of a machine on level 

ground is affected by 

• the mass of the user 

• the speed at which the machine travels. 

Increasing the mass 

Reduces the range (1 mark) 

increases the friction on the bearings/tyres (1 mark) 

OR More energy/power is used accelerating the user to the final speed (1 mark) 

OR user and wheelchair have higher KE/ more energy to move (1 mark) 

Increasing the speed 

Reduces the range (1 mark) 

Air resistance increases with speed (1 mark) 

 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Forces. 

Study Tip  

Learn the base units for this 

equation and the context in which 

it can be used in. 

Study Tip 

Learn what these equations represents. 

The shows the weight of an object. 
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We can place the rules of freefall motion into the equations of motion to get the projectile motion 

equations.  

In free fall motion, the initial velocity is zero, so the ‘u’ term disappears from all equations. 

In free fall motion, the acceleration can only be due to gravity (as weight is the only force acting on the 

object). This means the ‘a’ term in the equation becomes ‘g’ (9.81 m/s2). 

This gives the following equations. 

 

v = gt 

v2 = 2gs 

s = ½ gt2 

s = vt /2 

 

 

 

 

These equations represent freefall motion for an object. 

Projectile motion is a special case of freefall motion. 

 

 

 

 

 

 

 

 

 

 

Physics Tip 

An object which only experiences gravity and has no initial velocity is undergoing freefall motion. 

An object which only experiences gravity but has an initial velocity is undergoing projectile motion. 
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Terminal Velocity  

 
If an object is pushed out of a plane it will accelerate towards the ground because of its weight (due to the 
Earth’s gravity). Its velocity will increase as it falls but as it does, so does the drag forces acting on the 
object (air resistance). Eventually the air resistance will balance the weight of the object. This means there 
will be no overall force which means there will be no acceleration. The object stops accelerating and has 
reached its terminal velocity. 

 

 
 
 
 
 
 
 
 
 

      

   

 

 

 

 

 

 

 

 

 

 

 

 

 

Physics Tip 

You will probably see both ‘terminal speed’ and ‘terminal velocity’ used. In Year 1 Physics, you are 

likely to be looking at motion in a straight line where the direction is known, so you can talk about 

terminal speed. 

Examination Tip 

These graphs come up a lot in examinations, 

make sure you get lots of practice using these 

graphs. 

 

Physics Tip 

Remember air resistance on an object increases with speed.  

You do not need to know why this is for examinations. 

Physics Tip 

Falling into water has a similar effect on the 

velocity of an object as opening a parachute. 

 

Examination Tip 

It is a common examination question explain why the acceleration decreases and eventually reaches zero 

on a car with constant thrust. 

Air resistance increases with speed so resultant force decreases with speed (1 mark) 

Eventually air resistance = thrust (so no acceleration) (1 mark) 

Examination Tip 

You must be able to correctly sketch an 

acceleration-time graph for an object in 

freefall. 

 

Prior Knowledge Link  
This is a topic found in a previous GCSE module – Forces. 

Study Tip  

This topic is common content with 

the A-Level Mathematics 

specification. 
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Projectiles 

An object kicked or thrown into the air will follow a parabolic path like shown below.  
If the object had an initial velocity of u, this can be resolved into its horizontal and vertical velocity The 
horizontal velocity will be ucos and the vertical velocity will be usin. With these we can solve projectile 

questions using the equations of motion we already know. 
 

 
 
 
 
Horizontal and Vertical Motion 
The diagram shows two balls that are released at the same time, one is released and the other has a 
horizontal velocity. We see that the ball shot from the cannon falls at the same rate at the ball that was 
released. This is because the horizontal and vertical components of motion are independent of each other.  

 
 
Horizontal: The horizontal velocity is constant; we see that the 
fired ball covers the same horizontal (across) distance with each 
second. 
This is because there are no horizontal forces present. 
Vertical: The vertical velocity accelerates at a rate of g 
(9.81m/s2). We can see this more clearly in the released ball; it 
covers more distance each second. 
This is because there the only vertical force is weight. 
The horizontal velocity has no effect on the vertical velocity.  
If a ball were fired from the cannon at a high horizontal velocity it would travel further but still take the 
same time to reach the ground. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Examination Tip 

If you are doing A Level Mathematics, you will 

also cover projectiles in this course also. 

 

Examination Tip 

Assume the object acts as a particle and there 

is no air resistance means only worry about the 

effect of weight on the object and nothing else. 

 

Examination Tip 

Denote horizontal velocity with vh and vertical 

velocity with vv. 

Denote horizontal displacement with sh and 

vertical displacement with sv. 

 

Examination Tip 

For sake of ease, assume travelling down 

towards Earth to be negative. 

 

Examination Tip 

In calculations questions, you will be told to 

ignore air resistance. 

However, you must be able to know what 

effect air resistance would have on the journey 

of the projectile. 

 
Examination Tip 

It is a common examination question explain why air resistance is negligible in the vertical direction 

Motion unchanged vertically/ maximum height of P is unchanged: air resistance decelerates P horizontally so less distance 

travelled. (both points needed) (1 mark). 

Air resistance increases with speed: speed is low vertically but very high horizontally (both points needed) (1 mark) 
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Examination Tip 

It is a common examination question explain how the horizontal force on an object has to change for 

constant acceleration to be maintained.  

(forward force would have to) increase (1 mark) 

air resistance/drag increases (with speed) (1 mark) 

driving/forward force must be greater than resistive/drag force (1 mark) 

(So that) resultant/net force stayed the same / otherwise the resultant/net force would decrease (1 mark) 

Study Tip  

This topic is common content with 

the A-Level Mathematics 

specification. 
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 VIDEO 
To watch a video looking at this concept, please scan one of the following codes with your 
smartphone. 

 

 
 
 
 
 
 

 
 
 
 
 
 
 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 

Note 

All rights to this video belong to the creator of the video. 

This external third-party content – please check the contents are appropriate. 
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 REVISION SHEET 
 

 

 

 

 

 
 

Highlight or underline the key information on the revision sheet to consolidate your 
understanding. 
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Reference: CGP Revision Guide 
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 REVIEW QUESTIONS 
 
 

 
A1. What is the only force present in free-fall motion? 

[1 Mark] 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 

 
A2. Describe an experiment you could do to obtain data that you could use to determine the 
value of ‘g’. 

[1 Mark] 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 
 
 
A3. Explain how data could be plotted to determine the value of ‘g’. 

[1 Mark] 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 
 
 
 
A4. What is freefall motion called when the object is given an initial velocity? 

[1 Mark] 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 
 
 
 
 
 
 
 
 
 
 
 
 

To assess your understanding, answer the following questions on this topic. 
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A5. What should you do if you need to use the equations of uniform acceleration on an object 
that has an initial velocity at an angle to the horizontal? 

[1 Mark] 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 
 
 
A6. What is the effect of air resistance on the trajectory of a projectile?  
 
 

[1 Mark] 
…………………………………………………………………………………………………………………………………………… 

 
…………………………………………………………………………………………………………………………………………… 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The answers to the review questions are found on the next page. 
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 REVIEW ANSWERS 
A1. The only force present in free fall motion is weight. 

 
A2. Measure the length of time it takes for a metal ball to fall a known distance using a switch to 
release the ball from an electromagnet and start a timer, and a trap door to catch the ball and 
stop the timer. Measure the height from the bottom of the ball to the trap door. Flick the switch 
simultaneously start the timer and disconnect the electromagnet, releasing the ball. The ball will 
fall, knocking the trapdoor down and breaking the circuit – which stops the timer.  
Record the time t shown on the timer. 
Repeat this experiment three times and average the time taken to fall from this height. Repeat 
this experiment but drop the ball from several different heights. 
 
 
A3. You can plot a graph of height (s) against the time it takes the ball to fall squared (s2). Then 
draw a line of best fit and multiply the gradient of the best fit line by two to get a value for g.  
 
 
A4. Free-fall motion with an initial velocity is called projectile motion. 
 
 
A5. Resolve the initial velocity into horizontal and vertical components, then use the vertical 
components to work out how long it is in the air and how high it goes. Then use the horizontal 
component to work out how far it goes in the horizontal direction while it is in the air.  
 
A6. Air resistance causes a drag force that acts in the opposite direction to motion and affects the 
trajectory of a projectile. The horizontal component of drag reduces the horizontal distance the 
projectile can travel. If the projectile has a vertical component of velocity, drag reduces the 
maximum height the projectile will reach and steepens the angle of descent.  
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 SELF ASSESSMENT 

 

 

Q1. A digital camera was used to obtain a sequence of images of a tennis ball being struck by a tennis 
racket. The camera was set to take an image every 5.0 ms. The successive positions of the racket and ball 
are shown in the diagram below. 

  

The ball has a horizontal velocity of zero at A and reaches a constant horizontal velocity at D as it leaves 
the racket. The ball travels a horizontal distance of 0.68 m between D and G. 

Q1.1 Show that the horizontal velocity of the ball between positions D and G in the diagram above is 
about 45 m s–1. 

 [3 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q1.2 Calculate the horizontal acceleration of the ball between A and D. 

 [1 Mark] 

............................................................................................................................................................. 

............................................................................................................................................................. 

Answer = ____________________ m s–2 

 

To practice your understanding, answer the following questions. 

DO NOT WORRY IF YOU STRUGGLE AT FIRST. 

The answers are found after the questions. 
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At D, the ball was projected horizontally from a height of 2.3 m above level ground. 

Q1.3 Show that the ball would fall to the ground in about 0.7 s. 

 [3 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

............................................................................................................................................................. 

Q1.4 Calculate the horizontal distance that the ball will travel after it leaves the racket before hitting the 
ground. Assume that only gravity acts on the ball as it falls. 

 [2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

 ............................................................................................................................................................ 

............................................................................................................................................................. 

Answer = ____________________ m 

Q1.5 Explain why, in practice, the ball will not travel this far before hitting the ground. 

[2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

 ............................................................................................................................................................ 

............................................................................................................................................................. 
Reference: AQA A-Level Examination Legacy Materials 
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Q2. The diagram below shows the path of a ball thrown horizontally from the top of a tower of height 24 
m which is surrounded by level ground. 

 

Q2.1 Using two labelled arrows, show on the diagram above the direction of the velocity, v, and the 
acceleration, a, of the ball when it is at point P. 

 [2 Marks] 

Q2.2 Calculate the time taken from when the ball is thrown to when it first hits the ground. Assume air 
resistance is negligible. 

 [2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

 ............................................................................................................................................................ 

............................................................................................................................................................. 

Answer ____________________ s 

Q2.3 The ball hits the ground 27 m from the base of the tower. Calculate the speed at which the ball is 
thrown. 

 [2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

 ............................................................................................................................................................ 

............................................................................................................................................................. 

Answer ____________________ m s–1 

 
Reference: AQA A-Level Examination Legacy Materials 
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ANSWERS 

Q1.1   v =  (1) 

t = 0.015 (s) or 15 (ms) (1) 

0.68/0.015 (1) (= 45) 
3 

Q1.2   = 3000 (m s–2) (3022) (1) 
1 

Q1.3 s = (ut) = gt2 or t =  (1) 

correct substitution seen =  (1) 

0.68 to 0.69       correct answer to more than one dp seen (1) 
3 

Q1.4 (s = vt) = 45(.3) × 0.685 or 0.7 (1) 

= 30.6 to 32 (1) (m) 
2 

Q1.5 mention of air resistance or drag (1) 

causing horizontal deceleration or ‘slowing down’ (1) 
2 

[11] 

Q2.1 velocity vector tangential to path and drawn from the ball, arrow 
in correct direction (1) 

acceleration vector vertically downwards, arrow drawn and in line with ball (1) 
2 

Q2.2 s = ½ gt2 gives t =  (1) = 2.2(1) s (1) 

Q2.3 v (= s/t) = 27/2.2(1) (1) = 12(.2 m s–1) or 12(.3) (1) ecf from Q2.2 

(answer only gets both marks) 
4 

[6] 
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 ASSESSMENT QUESTION 
 
 
 
 

Q3. The aeroplane shown in the diagram below is travelling horizontally at 95 m s–1.  
It has to drop a crate of emergency supplies. 
The air resistance acting on the crate may be neglected. 

  

Q3.1 The crate is released from the aircraft at point P and lands at point Q. Sketch the path followed by 
the crate between P and Q as seen from the ground. 

[1 Mark] 

 

Q3.2 Explain why the horizontal component of the crate’s velocity remains constant while it is moving 
through the air. 

[2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

 ............................................................................................................................................................ 

............................................................................................................................................................. 

 

 

Please answer this assessment question on this topic in Physics. 

This work will be formally assessed with feedback given. 

This work will be submitted at the start of the A-Level course in Year 12.  

If we require any help or you wish to receive immediate feedback, please e-mail Mr. Turnbull. 
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Q3.3 To avoid damage to the crate, the maximum vertical component of the crate’s velocity on landing 
should be 32 m s–1. Show that the maximum height from which the crate can be dropped is approximately 
52 m. 

[2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

 ............................................................................................................................................................ 

............................................................................................................................................................. 

Q3.4 Calculate the time taken for the crate to reach the ground if the crate is dropped from a height of 52 
m. 

[2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

 ............................................................................................................................................................ 

............................................................................................................................................................. 

Q3.5 If R is a point on the ground directly below P, calculate the horizontal distance QR. 

[2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

 ............................................................................................................................................................ 

............................................................................................................................................................. 

Q3.6 In practice air resistance is not negligible. State and explain the effect this has on the maximum 
height from which the crate can be dropped. 

[2 Marks] 

............................................................................................................................................................. 

............................................................................................................................................................. 

 ............................................................................................................................................................ 

............................................................................................................................................................. 
Reference: AQA A-Level Examination Legacy Materials 
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FURTHER READING 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

You may wish to read around the following topics to further extend your understanding ahead of the 

start of the course in Year 12.  

Newton’s Laws of Motion 

     

 

To watch a video looking at this concept, please scan one of the following codes with your smartphone. 

     

Momentum 

     

     

To watch a video looking at this concept, please scan one of the following codes with your smartphone. 
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 REVISION CHECKLIST 

Specificatio

n reference 

Checklist  

questions 
 

3.4.1.1 
Can you describe the nature of scalars and vectors, and give examples of 

each?   

3.4.1.1 Can you add vectors by calculation and scale drawing?  

3.4.1.1 
Can you resolve vectors into two components at right angles to each other, 

including components of forces along and perpendicular to an inclined plane? 
 

3.4.1.1 Can you solve problems using resolved forces or a closed triangle?  

3.4.1.1 
Can you describe the conditions for equilibrium for two or three coplanar 

forces acting at a point? 
 

3.4.1.1 
Can you define equilibrium in the context of an object at rest or moving with 

constant velocity? 
 

3.4.1.2 
Can you define the moment of a force about a point as force × perpendicular 

distance from the point to the line of action of the force? 
 

3.4.1.2 Can you define a couple as a pair of equal and opposite coplanar forces?  

3.4.1.2 
Can you define the moment of couple as force × perpendicular distance 

between the lines of action of the forces? 
 

3.4.1.2 Can you explain the principle of moments?  

3.4.1.2 Can you describe and define centre of mass?  

3.4.1.2 
Can you explain that the position of the centre of mass of uniform regular 

solid is at its centre? 
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 Specification 

reference 

Checklist  

questions 
 

3.4.1.3 Can you define displacement, speed, velocity, and acceleration?  

3.4.1.3 Can you explain and use the formulae 
t

s
v

Δ

Δ
=  and 

t

v
a

Δ

Δ
= ?  

3.4.1.3 Can you calculate average and instantaneous speeds and velocities?  

3.4.1.3 
Can you draw a diagram to represent methods of uniform and non-uniform 

acceleration? 
 

3.4.1.3 

Can you explain the significance of areas of velocity–time and acceleration–time 

graphs, and gradients of displacement–time and velocity–time graphs for uniform 

and non-uniform acceleration? 

 

3.4.1.3 

Can you explain and use the equations for uniform acceleration: v = u + a t, 

 t
vu

s 






 +
=

2
, 

2

2a t
u ts += , and v2 = u2 + 2as? 

 

3.4.1.3 Can you explain acceleration due to gravity, g?  

3.4.1.3 Have you carried out a practical to determine g by a freefall method?  

3.4.1.4 
Can you explain the independent effect of motion in horizontal and vertical directions 

of a uniform gravitational field? 
 

3.4.1.4 Can you solve problems using the equations of uniform acceleration?  

3.4.1.4 Can you define and explain the effects of friction?  

3.4.1.4 Can you explain the effects of lift and drag forces?  

3.4.1.4 Can you define and describe terminal speed?  

3.4.1.4 Can you explain that air resistance increases with speed?  

3.4.1.4 
Can you explain the effect of air resistance on the trajectory of a projectile and on 

the factors that affect the maximum speed of a vehicle? 
 



St Mary’s Catholic School 

A Level Physics: Bridging Course Book 4: Mechanics and Materials   66 

 
DATASHEET 

 
 



St Mary’s Catholic School 

A Level Physics: Bridging Course Book 4: Mechanics and Materials   67 

 
 

 
 



St Mary’s Catholic School 

A Level Physics: Bridging Course Book 4: Mechanics and Materials   68 

 
 

 

 

 
 
 
 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Acknowledgements 

This document has been produced by Mr J Turnbull. 

All relevant information has been credited in the document. 

This document has been produced for educational purposes only. 

This document has been produced for the AQA A Level Physics Specification. 

 

 

 

Student Voice 

If you when using this document, you believe there is an improvement to made, please state this in the 

space below…. 

Only constructive and reasoned feedback will be considered. 

 


