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A level Physics Subject 7407 and 7408  

Exam Board – AQA 

 

Congratulations on selecting Physics as one of your A Levels – a great choice.  You are in a 

group of only 7% of KS4 students taking Physics A Level in the country. Whatever you go on 

to study in further education, universities etc. love Physics A Level because it shows you can 

bring together and apply complex ideas. Employers greatly value Physics A Level, because it 

shows you can think hard and solve quantitative problems. 

Physics A Level will provide you with considerable challenge in studying new ideas and theory, 

and the enjoyment which comes from working alongside similarly motivated students and very 

experienced teachers.   You will continue to do practical work and investigations throughout 

the course, typically using more advanced equipment than you will have had access to at 

GCSE.  As well as studying for the A level examinations, you will also work towards your 

‘practical endorsement’ which universities will require. To achieve this you will complete 12 

practical investigations specifically required by AQA plus many shorter investigations along 

the way. 

Overview of the Syllabus  

This booklet is designed to give you all the information you need before starting the Physics 

course, plus some transition work to complete before starting the course.  Your course will 

consist of the following units: 

 

Core Content 

 

• Measurements, Errors and Analysis of Experimental Evidence (Year 12) 

• Particle Physics (Year 12) 

• Quantum Phenomena and Radiation (Year 12) 

• Waves and Optics (Year 12) 

• Newtonian Mechanics (Year 12) 

• Materials (Year 12) 

• Electricity (Year 12) 

• Periodic Motion (Year 12 and Year 13) 

• Thermal Physics (Year 13) 

• Gravitational Fields, Electric Fields and Capacitance (Year 13)) 

• Electromagnetic Fields, Induction and Power Generation (Year 13) 

• Nuclear Physics (Year 13)) 

 

 

Option Topic (Year 13): 

 

You will also study one of the following: 

 

• Astrophysics 

• Medical Physics 

• Engineering Physics  

• Turning Points in Physics (including Special Relativity)  

• Electronics  

 

 



Year 12 Assessment  

During Year 12 you will be tested on the individual topics upon completion, and you will sit 2 

larger internal examinations, one early in the Spring term and one later in the Summer term, 

which will include past examinations questions on all course content covered up to that point. 

 

In addition, your labl book will be checked regularly to ensure all practical work is being 

recorded and written up to the standard required, and to generally monitor your progress 

towards your final practical endorsement. 

 

You will not sit the AQA AS examinations in Year 12, as an AS level is no longer regarded as 

a qualification and marks from AS examinations do not count toward your final A level grade. 

You will not be at any disadvantage compared to students in other schools by not sitting the 

AS examinations.  

 

However, we will wish to see commitment and progress through Year 12 to endorse you 

continuing with the course in Year 13. Moreover, your performance in these internal 

assessments will influence your final predicted grade which will be communicated as part of 

the School’s reference to UCAS or to potential employers if you are not looking to go to 

university as your next step. Hence, the internal topic tests and examinations referred to above 

must be taken seriously and be thoroughly prepared for. 

 

Year 13 Assessment and the A Level Examinations 

 

In Year 13 you will sit further topic tests plus mock examinations early in the Spring term. The 

latter will assess all course content covered in both Year 12 and Year 13 up to that point. Our 

final predicted grades will take into account further progress shown and your performance in 

these assessments. 

 

Details of the actual A level examinations are as follows: 

 

A Level Assessments 

Paper 1 (34%) Paper 2 (34%) Paper 3 (32%) 

 
All Year 12 core content, 
including Periodic Motion 
 
Written exam: 2 hours and  
85 marks 
 
60 marks for short and long 
answer structured questions 
and 25 marks for multiple 
choice questions. 

 
All Year 13 core content, 
excluding Periodic Motion 
 
Knowledge from Year 12 
core content is assumed 
and may still be embedded 
in questions. 
 
Written exam: 2 hours and 
85 marks 
 
60 marks for short and long 
answer structured questions 
and 25 marks for multiple 
choice questions. 

 
Practical skills and data 
analysis developed through 
Years 12 and 13, plus the 
Year 13 Option Topic 
 
Written exam: 2 hours and 
80 marks 
 
Section A: 45 marks for 
short and long answer 
structured questions on 
practical experiments and 
data analysis. 
 
Section B: 35 marks for 
short and long answer 
structured questions on the 
chosen optional topic. 

Practical skills assessed over 12 AQA required experiments and others as necessary. 

 

 

 

 



 

In respect of the AQA practical endorsement, your lab books will be thoroughly reviewed 

before the end of the Spring term by when you will have completed all required practical 

investigations. We will assess whether you have met AQA’s criteria or not, and if not you will 

be given direction on how and where you still need to improve your record of practical activity. 

The school’s final deadline for notifying AQA whether or not you have met the standards for 

practical endorsement will be 15 May 2022. However, the school’s internal deadline will be  

1 May 2022 to provide your teachers with sufficient time to carefully and fully review the 

evidence provided in your lab book. 

 

 

Assessment Objectives for the A Level Examinations 

 

The examinations will measure how students have achieved the following assessment 

objectives: 

  

• AO1: Demonstrate knowledge and understanding of scientific ideas, processes, techniques 

and procedures.  

 

• AO2: Apply knowledge and understanding of scientific ideas, processes, techniques and 

procedures 

• in a theoretical context  

• in a practical context  

• when handling qualitative data  

• when handling quantitative data.  

 

• AO3: Analyse, interpret and evaluate scientific information, ideas and evidence, including in 

relation to issues, to:  

• make judgements and reach conclusions  

• develop and refine practical design and procedures. 

 

 
 

 

 

 

 

 

 

 

 



More Details on the Required Practical Endorsement 

 

All students taking A Level Physics are expected to have had opportunities to use the following 

apparatus and to develop and demonstrate these techniques.  

 
 

Carrying out the 12 required practical investigations below (1 – 6 in Year 12 and 7 – 12 in Year 

13) means that students will have experienced use of each of the apparatus and techniques.   

 



 

Mathematics in Physics  

 

In order to be able to develop your skills, knowledge and understanding in Physics, you must 

have acquired competence in the appropriate areas of mathematics (arithmetic and numerical 

computation, handling data, algebra, graphs, geometry and trigonometry). Overall, 40% of the 

marks in assessments for Physics will require the use of mathematical skills.  

 

Students taking Physics A level are also reasonably expected to study Mathematics at A level. 

Students who aspire to study Physics or Engineering at Oxbridge, Imperial or many leading 

Russell Group universities are also strongly encouraged to study Further Mathematics at A 

level.  
 

 

Career Pathways / Progression Routes 

 

A Level Physics can lead to a multitude of courses at university, as it is a very rigorous and 
mathematical subject, and it can further lead to many related careers including: 
 

▪ Aeronautics  
▪ Engineering  
▪ Geology and Geophysics  
▪ Radiography  
▪ Finance and Accountancy  
▪ Astrophysics  
▪ Engineering  
▪ Forensic Science 
▪ Animation 
▪ Meteorology 
▪ Oceanography 
▪ Robotics 
▪ Medicine and Biomedical Engineering 
▪ Electronics 
▪ Energy and Fuels 
▪ Computing  
▪ Architecture  
▪ Teaching and Research  

 
Textbooks and Recommended Resources 

  

“Advanced Physics for You” by Keith Johnson. A very good and straightforward general 

textbook.  
 

“AQA A Level Physics Student Book 1” by Nick England, Jeremy Pollard, Nicky Thomas, Carol 

Davenport · Hodder Education 

 

“AQA A Level Physics Student Book 2” by Nick England, Jeremy Pollard, Nicky Thomas, Carol 

Davenport · Hodder Education 

 

These are specifically designed and written for AQA A Level Physics A. 

 
To help you prepare for the transition from GCSE to A level you might also like to purchase a 
copy of CGP’s excellent “Head Start to A-Level Physics”. 
 

 

 

 



Some Useful Physics Websites 

 

The following websites can support your study of the course:  

 

▪ http://www.physicsandmathstutor.com/ 

▪ https://www.newscientist.com/ 

▪ http://www.aqa.org.uk/subjects/science/as-and-a-level/physics-a-2450 

▪ https://phet.colorado.edu/ 

▪ https://www.khanacademy.org/ 

▪ http://www.antonine-education.co.uk/ 

▪ http://www.physics.org/index.asp 

▪ http://www.einstein-online.info/ 

The following are also useful websites to use to access additional resources, to find out 

about related careers and to occasionally attend presentations and lectures. They may also 

be able to help with advice regarding suitable work experience and/or scholarships and 

sponsorship at university: 

• The Institute of Physics – http://www.iop.org 

• The National Physics Laboratory – http://npl.co.uk 

• The Meteorological Office – http://www.metoffice.gov.uk 

• The Royal Aeronautical Society – http://www.aerosociety.com 

• The Institution of Mechanical Engineers – http://www.imeche.org 

• The Institution of Civil Engineers – http://www.ice.org.uk 

  

Additional Enrichment: 

All students should join the Institute of Physics (IOP) to keep up to date with the latest 

developments in Physics. The IOP runs regular lectures and presentations on cutting edge 

Physics as well as producing useful articles and publications. 

The School has a link with the National Physics Laboratory (NPL) in Teddington. 

We are also aiming to run trips to Geneva and CERN every 2 years, so that every A level 

Physics student can participate, and we will also strive to identify other trips and visits, 

including overseas. 

Students who are on track for an A* or A grade can also be entered for the Physics 

Olympiad in Year 13. 

Direct support will be provided to students making Oxbridge applications (both Mr Knocker 

and Mr Evans are Oxbridge alumni). 

We also hold a good library of Physics literature to broaden and extend students’ interest in 

Physics and related disciplines and to help them bridge the gap to university study. 
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Recommended Reading List 

Richard Feynman - Six 
Easy Pieces: 
Fundamentals of 
Physics Explained 

 

 

Richard Feynman is widely considered to be the greatest 

explainer of difficult Physics concepts. The notes he wrote for 

an undergraduate Physics degree in 1963 are one of the 

most popular Physics books ever produced. This book is a 

small edited subset of the early chapters and well worth 

reading.  

In Search Of 
Schrodinger's Cat - 
John Gribbin 

 

This book picks up where Six Easy Pieces left off, with 
Quantum Mechanics. John Gribbin nicely outlines the history 
of the development of Quantum Mechanics but also explains 
the concept at a very readable level. Is the cat alive, dead, 
neither or both? 

Why Does E=mc2?: 
(And Why Should We 
Care?) - Brian Cox & 
Jeff Forshaw 

 

 

A little chatty at times, but altogether a very good read. Cox 
and Forshaw, two of the youngest professors in the country, 
prove Einstein’s famous equation with very little maths and try 
to show why it’s important to our everyday lives.  

A Briefer History of 
Time - Stephen 
Hawking 

 

Our travels now take us to  the most recognisable physicist of 
our time and into space. The original book, A Brief…, wasn’t 
considered brief enough so Hawking cut it down and updated 
it a little. Quantum behaviour and relativity are only briefly 
discussed here as the book is more concerned with 
Hawking’s own work on black holes and the big bang. An 
excellent book. 

The Particle at the End 
of the Universe: The 
Hunt for the Higgs and 
the Discovery of a New 
World - Chris Carroll 

 

With the discovery of the Higgs Boson, we had to include a 
book covering the building  and work of the Large Hadron 
Collider at CERN. This book covers the material well without 
becoming overwhelming. 

50 Physics ideas you 
really should know – 
Joanne Baker 

 

A really simple summary of quite complicated Physics 
concepts is a really nice introduction to unit as it explains 
theories with easy-to-follow examples. 

Madame Curie: A 
Biography 

 

Marie Curie (1867--1934) was the first woman scientist to win 
worldwide acclaim and was, indeed, one of the greatest 
scientists of the twentieth century. Written by Curie's 
daughter, this biography chronicles Curie's legendary 
achievements in science, including her pioneering efforts in 
the study of radioactivity and her two Nobel Prizes in Physics 
and Chemistry. 

 

 

http://www.quercusbooks.co.uk/images/book-covers/large/9781847240071.jpg
http://www.amazon.co.uk/Madame-Curie-Biography-Series-Science/dp/0306810387/ref=sr_1_1?ie=UTF8&qid=1403624726&sr=8-1&keywords=Madame+Curie:+A+Biography


Any Questions? 

Please contact Mr Knocker, Mr Evans or Mr Pearce: 

dknocker@teddingtonschool.org 

sevans@teddingtonschool.org 

mpearce@teddingtonschool.org 
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APPENDIX 1: Some Revision Exercises From GCSE 

 

 

The A-level course picks up where your GCSE Physics studies finished. It is important that 
upon your arrival in September you are up to speed with the GCSE material covered over 
the last two years. It is also vital that you continue to practice your mathematics skills as the 
A-level course expects a high level of numeracy throughout.  
 
It is important that you have a solid grasp of the following GCSE knowledge: 
 

Electricity Mechanics 

• An electric current is a flow of 
charge round a circuit due to the 
movement of electrons. 

• Electric current is measured in 
Amperes (A) using an ammeter. 

• Electric potential difference or 
voltage is measured in volts (V) 
using a voltmeter. 

• For components in series, the 
current is the same in each 
component and the sum across 
the components is equal to the 
total voltage. 

• For components in parallel, the 
voltage is the same across each 
component and the sum of the 
currents through the 
components is equal to the total 
current. 

• For resistors in series, the total 
resistance is equal to the sum of 
the individual resistances. 

• For resistors in parallel, the 
current is greatest through the 
resistor with the least 
resistance. 

• Speed is distance travelled per unit 
time and velocity is speed in a given 
direction. 

• The acceleration is the rate of change 
of velocity. 

• An object acted on by two equal forces 
is at rest or it moves at constant 
velocity. 

• When an object accelerates or 
decelerates: 

• The greater the resultant force acting 
on an object, the greater its 
acceleration is, 

• The greater the mass of the object, the 
less its acceleration. 

• The gravitational field strength, g, at 
any point is the force per unit mass on 
a small object due to the Earth’s 
gravitational attraction on the object. 

• The weight of an object in Newtons = 
its mass in kilograms x g. 

• Work is done by a force when the force 
moves its point of application in the 
direction of the force. 

• Energy is transferred by a force when it 
does work. 

• Energy cannot be created or 
destroyed. It can only be transformed 
from one form into other forms. 

• Energy exists in different forms and 
can be changed from any form into 
other forms. 

• Power is the rate of energy transfer. 

 
The following will help you to consolidate your learning: 
 

• A maths sheet about using standard form 

• A maths sheet about prefixes and powers of ten 

• A maths sheet about calculating means and dealing with anomalies 

• A maths sheet about plotting points on a graph 

• A maths sheet about drawing lines of best fit 

• A maths sheet about calculating the gradient of a line 

• Some practice questions about electricity 
 





Skills 

Prefixes  N. DWYER 

 
In Physics we have to deal with quantities from the very large to the very small. A prefix is something that goes in 

front of a unit and acts as a multiplier. This sheet will give you practice at converting figures between prefixes. 

 

Symbol Name What it means How to convert 

P peta 1015 1000000000000000  ↓ x1000 

T tera 1012  1000000000000 ↑ ÷ 1000 ↓ x1000 

G giga 109  1000000000 ↑ ÷ 1000 ↓ x1000 

M mega 106  1000000 ↑ ÷ 1000 ↓ x1000 

k kilo 103  1000 ↑ ÷ 1000 ↓ x1000 

    1 ↑ ÷ 1000 ↓ x1000 

m milli 10-3  0.001 ↑ ÷ 1000 ↓ x1000 

μ micro 10-6  0.000001 ↑ ÷ 1000 ↓ x1000 

n nano 10-9  0.000000001 ↑ ÷ 1000 ↓ x1000 

p pico 10-12  0.000000000001       ↑ ÷ 1000 ↓ x1000 

f femto 10-15  0.000000000000001 ↑ ÷ 1000  

 

Convert the figures into the prefixes required. 

s ms μs ns ps 

134.6 
    

96.21 
    

0.773 
    

 

m km mm Mm Gm 

12873 
    

0.295 
    

57.23 
    

 

kg Mg mg g Gg 

94.76 
    

0.000765 
    

823.46 
    

 

A mA μA nA kA 

0.000000678 
    

3.56 
    

0.00092 
    

 



Skills 

Means and Anomalous Results N. DWYER 

 
For each set of values calculate the mean and then calculate the mean ignoring any anomalous results. 

 

1 2 3 Mean 

4152 2996 4018   

935.5 925.8 926.7   

16.2 19.1 17.4   

80.1316 80.1324 80.1466   

2229 2011 1610   

127.664 127.416 127.489   

55.88 11.97 37.59   

3.767 3.763 3.751   

375.5 511.5 463.4   

1048 888 1655   

0.507 0.415 0.230   

27145 25157 26017   

1450 1014 2238   

9104.32 10529.45 9160.97   

 
1 2 3 4 Mean 

63.10 62.97 62.53 62.99  
 

465.98 463.40 466.96 155.56  
 

3.61 7.39 3.55 3.64  
 

73.71 70.98 74.19 72.38  
 

2.058 1.566 2.078 1.787  
 

416 402 189 986  
 

700653 739762 742471 726161  
 

2670887 2670901 2669942 2670733  
 

110.4 260.1 1044.2 488.8  
 

 
1 2 3 4 5 Mean 

140 220 90 180 140  
 

56300 41200 58600 48300 53800  
 

0.186 0.341 0.276 0.216 0.314  
 

1.427 0.235 0.488 1.922 1.620  
 

34 62 46 12 39  
 

326.19 360.22 314.20 352.22 400.18  
 

1.4 5.3 2.7 3.9 2.6  
 

 



Skills 

Points Plotting N. DWYER 

 

You are going to practice plotting points on a graph. This skill carries up to 3 marks in the ISA. 

 

x axis y axis x axis y axis x axis y axis 

0.44 2.44 0.34 1.75 0.67 2.12 

0.27 1.39 0.49 1.99 0.58 1.64 

0.39 2.13 0.26 2.22 0.65 2.52 

0.62 1.23 0.31 2.49 0.29 1.92 

0.37 1.52 0.52 2.36 0.45 1.47 

0.22 2.56 0.61 2.23 0.53 1.27 

0.42 1.84 0.64 1.83 0.24 1.71 

0.48 1.70 0.55 2.15 0.67 1.45 
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Skills 

Lines of Best Fit N. DWYER 

 
Draw a line of best fit for each of the graphs. 
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Skills 

Gradients N. DWYER 

 

Calculate the gradients of the graphs below. Work out the equation for the line. 
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Current, Voltage and Resistance 

Apply the rules of current and voltage to to following circuits and use the V=IR equation to 

work out the missing currents, voltages and resistances as required. Unless stated otherwise,  

assume all bulbs are identical. DON’T FORGET YOUR UNITS!  

Remember:  To work out resistors in series  Resistors in parallel 

 

 

 

 

 



Appendix 2: Transition Tasks For A Level Physics 

The 10 tasks which have been designed are intended to help prepare you for Physics 

at A level by incorporating each of the following: 

1. Consolidation and extension of topics covered at GCSE 

2. A high level of challenge, with activities which will start you from a base level of 

7 to 9 at GCSE and provide opportunity to progress from there 

3. Significant synoptic questioning whereby you need to link together ideas from 

different parts of the GCSE syllabus 

4. Opportunities to apply aspects of mathematics to Physics problems 

5. Opportunities to interpret, analyse and evaluate experimental evidence 

6. Opportunities to design your own investigations 

7. Opportunities for further research using the internet 

8. Opportunities for extended writing which is well organised, using correct 

scientific vocabulary and with correct spelling and grammar. 

Before you carry out these tasks you should first remind yourself of some basic points 

on data analysis, such as calculating mean values, graph plotting, standard form, unit 

conversions and so forth which are covered in Appendix 1 in this booklet. You should 

also revise equations, units, circuit symbols and basic circuit principles from GCSE.  

You are encouraged to apply yourself fully to each task and to show resilience, and 

not just give up if you find the task tricky. Be resourceful in using the internet to answer 

your questions and in looking for ideas. You should be spending at least 2 hours on 

each task, and perhaps a maximum of 4 hours on some where more research might 

be required. 

In carrying out these activities you will begin to develop the learning skills that will be 

required at A level and which will enable you to achieve in line with and beyond your 

target grades and expectations. 

The tasks set are as follows: 

1. Investigating vertical motion 

2. Behaviour of materials – impact craters and slope collapse 

3. Behaviour of vehicles – braking, stopping distances and collisions 

4. Applications of density – alloys, atoms, stars and black holes 

5. Electrical resistance and the efficiency of light bulbs 

6. Uses of Physics in medicine 

7. Investigating transformers 

8. Refraction and lenses 

9. The Physics of big structures – bridges, dams and wind turbines 

10. Analysing, comparing and designing electric circuits  

Good luck! 

 

 

 



Task 1 - Investigating Vertical Motion 

1.  Throughout this task, take gravitational field strength to be 9.8 N/kg (ie 

acceleration due to gravity to be 9.8 m/s2). 

 

The ball is dropped from a height ‘h’ above the ground and it is released from rest 

(ie initial velocity is zero), and the acceleration due to gravity is ‘g’. Ignore air 

resistance acting on the ball. 

a) State the energy transformation which occurs from the point of release to the 

point where the ball is about to strike the ground and use this idea to derive an 

expression for the speed ‘v’ of the ball as it strikes the ground in terms of ‘h’ and 

‘g’ only. 

b) Hence explain why, in the absence of air resistance, the speed at which 

different objects dropped from the same height would all strike the ground at 

the same speed. 

c) In terms of ‘h’ and ‘g’ only, what will be the mean speed, ‘vmean’ of the ball 

during the drop? 

d) By considering the definition of acceleration, in terms of ‘h’ and ‘g’ only, what 

will be the time taken, ‘t’, for the ball to fall a distance ‘h’? Rearrange this 

expression to make ‘h’ the subject of the formula. 

e) Using these ideas, calculate the drop time for a ball which is released from a 

height of 20 m above the ground, and calculate the speed at which it strikes the 

ground. 

f) Calculate the distance fallen and the speed reached at different time intervals 

during the drop and use this data to draw accurate graphs of vertical distance 

against time, and speed against time. 

g) By using either the equations or the graphs, determine the time taken and the 

vertical distance fallen when the ball reaches ‘vmean’. 

h) It is found that after its first bounce, the ball rebounds to a height of 12 m. What 

will have been the rebound speed? 



i) Newton’s Second Law of Motion can be stated as “Resultant Force = Rate of 

Change of Momentum”. If the mass of the ball is 0.08 kg and the ball is in 

contact with the ground when it bounces for a time of 0.05 s, use this equation 

to estimate the mean impact force ‘F’ exerted on the ball by the ground. You 

should also draw a free body diagram to show the forces acting on the ball at 

the instant it is in contact with the ground.                                                                            

j) For the scenario covered in h) and i), draw accurate graphs to show vertical 

displacement against time; velocity against time; and acceleration against time 

for the motion of the ball from the moment it is released until when it has 

rebounded to a height of 12 m. 

 

2.  In practice it is found that a 0.08 kg ball released from a height of 20 m only 

strikes the ground at a speed of 17 m/s, lower than the value you will have 

calculated in 1.e) above. 

a) By considering the equation for work done by a force, and that work done also 

equals energy transferred, calculate the mean resistive force ‘F’ acting on the 

ball due to air resistance during the drop. 

The magnitude of the air resistance force acting on the ball is actually found to be 

proportional to the square of the ball’s speed at any instant, such that the resultant 

force ‘Fresultant’ can be given by the equation: 

Fresultant = mg – kv2 

where ‘k’ is the constant of proportionality. 

b) If the ball has just reached terminal velocity just before it strikes the ground, 

what will be the resultant force acting on the ball at this instant? Hence use this 

idea to determine the value of the constant ‘k’. Show that the units of ‘k’ must 

be Ns2/m2 which is equivalent to kg/m. 

c) Also use the above idea to explain why objects of different masses falling 

through the air may have different terminal velocities and hence strike the 

ground at different times. 

d) For the case covered above in a) and b), draw a sketch graph to show how the 

resultant force acting on the ball varies with its speed. 

 

3. The diagram shows two blocks of masses ‘m1’ and ‘m2’ connected by a fixed 

length of string passing over a pulley mounted at the apex of a slope of angle 

‘ө’. The string can be assumed not to stretch and the surfaces of the slope and 

the pulley provide negligible friction. 



 

 

a) You wish to investigate how the ratio of ‘m1 : m2’ necessary for the system to be 

in equilibrium (ie blocks being stationary) depends on the angle ‘ө’. Outline a 

detailed method of how you would obtain sufficient accurate experimental data 

to investigate this relationship in the lab. 

b) If the system is not in equilibrium, theory suggests that the acceleration ‘a’ of 

the system is given by the equation: 

a = (m2 – m1sinө) g / (m1+ m2) 

If the angle is fixed at 600, draw a graph to show how the value of ‘a’ would vary with 

the value of ‘m1/ m2’ for values of this mass ratio from 0.0 to 4.0. 

 

 

 

 

 

 

 

 

 

 

 

 



Task 2 – Behaviour of Materials – Impact Craters and Slope Collapse 

 

  

 

1. The diagram above shows a cross-section through a simple impact crater and 

the second diagram shows very simply an arrangement for investigating small 

impact craters made in the lab. 

a) Use the above ideas to design an investigation into how the depth of an impact 

crater varies with the height above the surface a ball is dropped from. In your 

method, outline clearly what measurements you would make and how, and how 

you would ensure your investigation produced sufficient accurate and valid 

data. 

b) Produce a risk assessment for your investigation, detailing hazard, risk and 

precautions. 

c) The data from such an investigation could be extended further to investigate the 

link between the impact speed of the ball on the surface of the flour and the 

average impact force of the flour on the ball which brings the ball to a stop. Use 

the ideas of energy transfer and work done to show that impact speed ‘v’ and 

mean impact force ‘F’ could be obtained from the equations: 

V2 = 2gh and F – mg = mgh/y 

Where ‘m’ is the mass of the ball, ‘g’ is acceleration due to gravity, ‘h’ is the drop 

height of the ball measured from the level surface of the flour and ‘y’ is the crater 

depth. 



d) Use these ideas and the principle that resultant force = rate of change of 

momentum to show further that the impact time ‘t’ (ie the time for the ball to 

stop from when it first touches the sand) could be estimated from the equation: 

V = ght/y 

And hence express ‘t’ in terms of the variables ‘g’, ‘h’ and ‘y’ only.  

e) Using these ideas, estimate the mean impact force and impact time for a ball of 

mass 0.150 kg which falls from a height of 3.00 m and creates a crater of depth 

0.018 m. 

f) Another method for estimating the mean impact force is to equate it to the 

weight of flour displaced by the ball on impact. If a ball of diameter 0.030 m was 

submerged 50 % (ie the crater diameter was 0.030 m as well), and the density 

of flour is 593 kg/m3, what would be the mean impact force based on this 

method?  

 

Data has been obtained linking crater depth to crater diameter for meteorite craters 

on Earth, as is shown in the graph above. 

g) The graph suggests crater depth increases in direct proportion to crater 

diameter. State the 3 features of the graph which together support this 

statement. 

h) By considering 2 different points on the line itself (ie not experimental points) 

verify that the equation of the line is: 

Crater depth = 0.23 x crater diameter 

i) With reference to the above graph and otherwise, discuss the limitations of the 

above equation in making accurate predictions about the dimensions of 

possible future impact craters on the Earth and on the Moon. 

 

 

 



2. 

 

 

The photograph above shows slope collapse next to a motorway following a prolonged 

period of heavy rain. When building motorways or laying railway lines civil engineers 

need to give careful consideration to the steepness of slopes of adjacent cuttings and 

embankments. Similar consideration needs to be given when building houses on the 

sides of hills or at the bottom of hills, just as ski resorts need to make assessments 

about the possibility of avalanches when opening ski slopes. 

a) Carry out some internet research on the range of physical and other factors 

which might affect the stability of slopes and the angles of incline at which they 

collapse and write a short essay or report on your findings, citing specific 

examples. 

b) Design an experiment which could be carried out in the lab which investigates 

how the angle of collapse for a soil slope depends on how wet the soil is. In 

your design you should discuss the limitations of the proposed investigation and 

give consideration to the number, range and intervals of values for your 

independent variable and how you would ensure your results are as accurate 

as possible. 

c) What does your internet research suggest the relationship might be for this 

investigation? 

 

 

 

 



Task 3 Vehicle Motion – Braking, Stopping Distances and Collisions 

 

1. The graph below shows how the velocity of a particular vehicle varies with time 

during stopping. 

 

 

 

a) Use this graph to determine the driver’s reaction time, the time for braking, the 

thinking distance, the braking distance, the overall stopping distance and the 

deceleration during braking for this vehicle. 

b) For this scenario also plot graphs of how distance travelled by the vehicle 

varies with time and how the acceleration of the vehicle varies with time for the 

1.5 s shown. 

c) If the mass of the vehicle and driver is 750 kg, also calculate the total braking 

force.  

d) The work done by the brakes can be calculated by multiplying the braking force 

by the braking distance, or by equating it to the change in kinetic energy of the 

vehicle during braking. Calculate the work done using both methods and show 

that they are equal. 

e) Calculate the percentage increase in the overall stopping distance caused by 

each of the following factors in turn (assuming each is applied separately): 



- a doubling of the driver’s reaction time due to being distracted by using a 

mobile phone; 

- carrying passengers and luggage giving an additional mass of 300 kg; 

- having worn brakes and worn tyres causing a 25% reduction in the total braking 

force; 

- driving at an initial speed of 15 m/s. 

f) The total stopping distance ‘D’ for a vehicle can be found from the following 

equation: 

D = ut + mu2/2F 

where ‘u’ is the initial speed, ‘t’ is the driver’s reaction time, ‘m’ is the mass of the 

vehicle (including mass of diver, passengers, luggage and fuel) and ‘F’ is the braking 

force. 

Use the ideas incorporated in the earlier parts of this question to derive this equation 

from first principles. 

g) A particular driver has a reaction time of 1.0 s, and is driving a vehicle of total 

mass 800 kg. The total maximum force during braking is 2.40 kN and the 

overall stopping distance is found to be 72 m. Find the speed the car was 

initially travelling at, giving your answer in both m/s and km/h. 

h) Ideally the driver should be able to stop this vehicle within 25 m when travelling 

at this speed. Assuming no change to either the driver’s reaction time or the 

mass of the vehicle, what should be the minimum total maximum braking force 

for this vehicle? 

i) Compare the power developed by the brakes during braking in scenarios g) and 

h). 

 

2. The first diagram shows trolley A of mass ‘M’ moving to the right with velocity 

‘U’ colliding with trolley B of mass ‘m’ and which is initially stationary. The 

second diagram shows that, after the collision, both trolleys stick together and 

move off with a common velocity ‘v’ to the right. 

 

 

a) Show that the common velocity after the collision will be MU / (M + m) to the 

right. 



b) If instead, trolley B also had an initial velocity to the right of ‘u’ (u < U), show 

that now the common velocity after the collision would be (MU + mu) / (M + m) 

to the right. 

c) In the scenario outlined in b) derive an expression in terms of ‘M’, ‘m’, ‘U’ and 

‘u’ only for the reduction in the total kinetic energy of the system due to the 

collision, giving the expression in its simplest algebraic form. 

d) In another collision, trolleys A and B have the same initial speeds as given in b) 

above, but they initially travel in opposite directions causing a head-on collision. 

In this scenario, the trolleys again stick together after the collision and move off 

with a common velocity. Compare the total reduction in kinetic energy of the 

system in this scenario with that in b) and c) and show that the ratio of these 2 

expressions is independent of the masses of the trolleys. 

e) When 2 trolleys collide, there is a “Newton’s Third Law” pair of forces acting on 

the trolleys. Explain this statement. 

f) By considering ideas relating to changes in momentum, compare the size of the 

impact forces experienced by the trolleys in the scenario in b) with that 

experienced in the scenario in d).  

 

Task 4  Applications of Density – Alloys, Atoms, Stars and Black Holes 

1. This question revises your understanding of mass, weight and density, and the 

formulae for the volumes of cubes and spheres. 

 

 a ) Define what is meant by the density of an object in terms of the object’s mass 

and volume, and give its unit. 

b) Taking ‘g’ to be 9.8 N/kg, find the volume, the mass and the weight of a solid 

cube of side length 4.5 x 10-2 m, and of density 1.8 x 103 kg/m3. 

c) A sphere has double the mass of this cube, but it is made of the same material. 

Using the standard formula for the volume of a sphere,  

V = 4/3 x πR3, 

calculate the radius of the sphere. 

d) An alloy is a mixture consisting of 2 or more metal elements. A particular alloy 

of brass consists of 67% by mass of Zinc (which has a density of 7.13 x 103 

kg/m3) and 33% by mass of Copper (which has a density of 8.92 kg/m3). 

Calculate the density of this alloy of brass, giving your answer to 3 significant 

figures and in standard form. What would be the weight of a cubic metre of this 

alloy? 

e) A metallurgist misreads the instructions for making this alloy of brass, and 

instead produces an alloy which consists of 67% by volume of Zinc and 33% by 

volume of Copper. Calculate the density of this second alloy of brass and the 

weight of a cubic metre of this alloy. 

f) Different alloys of brass are made for different applications, depending on what 

physical properties for the alloy are required. Carry out some internet research 

on how various physical properties of brass alloys depend on the relative 



proportions of Zinc and Copper which are used, and on the practical 

applications of these alloys. Summarise your findings in a short report. 

 

2. This question links the principle of density with your understanding of the 

structure of an atom. 

a) By considering the detailed structure of an atom, including the relative masses 

of the particles it contains, explain in detail how the density of an atomic 

nucleus compares with the mean density of the atom in which it exists. 

b) In nuclear physics we take the density of all atomic nuclei (of all elements) to be 

the same. Explain why this would be the case. 

c) Use this idea to deduce that the radius ‘R’ of an atomic nucleus is proportional 

to A1/3, where ‘A’ is the mass number of the isotope. 

d) The nucleus of a Carbon-12 isotope consists of 6 protons and 6 neutrons, and 

its radius is 2.7 x 10-15 m. Calculate the radii of the nuclei of the isotopes 

Helium-4 and Gold-197, giving your answers to 2 significant figures and in 

standard form.  

 

3. This question links the principle of density with your understanding of stars and 

black holes. 

a) Our Sun has a radius of 6.96 x 108 m, and a mass of 1.99 x 1030 kg. Calculate 

the mean density of the Sun to 3 significant figures and in standard form. 

b) The bulk of the Sun’s mass is made of Hydrogen-2 which has a density of 

0.08988 g/cm3 , and Helium-4 which has a density of 0.1786 g/cm3 . Express 

these gas densities in kg/m3 and to 3 significant figures and in standard form. 

c) Use the above data to estimate what proportion of the Sun’s mass is made up 

of Hydrogen-2 and what proportion is made up of Helium-4. 

d) A red super giant star has the same density as our Sun but its mass is 50 times 

greater. What is the radius of this red super giant? 

e) This red super giant eventually collapses to form a black hole. The radius ‘Rs’ of 

a black hole is given by the formula: 

Rs = 2GM/c2 

where ‘G’ is a Universal Gravitational Constant of value 6.67 x 10-11 Nm2/kg2 , ‘M’ is 

the mass of the star which collapsed and ‘c’ is the speed of light in a vacuum of value 

3.00 x 108 m/s. 

Use this formula to estimate the radius of the black hole which is formed when the red 

super giant collapses. 

f) Assuming the black hole to be spherical, compare the density of the black hole 

with the density of the red super giant star which caused it. 

g) The equation for the radius of a black hole is based upon gravitational theory. 

Explain the practical difficulties in testing whether the equation can be used to 

make accurate predictions. 

 

 



Task 5 – Electrical Resistance and The Efficiency of Light Bulbs 

 

1. The metal alloy Nichrome is often used to make resistance wires. One 

particular alloy has a density of 8.50 x 103 kg/m3 and a specific heat capacity of 

450 J/kg0C. Nichrome wire of radius 1.0 mm has a resistance per unit length of 

0.50 Ω/m.  

a) If a 2.0 m length of this resistance wire is connected in series with a 3.0 V cell, 

calculate the current which would flow through the resistance wire. 

b) Making the assumption that 100% of the electrical energy supplied to the 

resistance wire is converted to thermal energy within it, calculate the increase in 

temperature of the wire you would expect to see after a time of 10 minutes. 

c) Repeat the calculations in a) and b) for resistance wire lengths of 0.10 m, 0.20 

m, 0.50 m,1.0 m and 1.5 m.  

d) Plot a graph of the temperature increase of the wire after 10 minutes against 

the length of the resistance wire and describe the relationship shown. 

e) In practise, the resistance of metals increases linearly with temperature 

according to the equation: 

RT = R0(1 + αT) 

where ‘T’ is temperature in 0C , ‘α’ is a material constant called the temperature 

coefficient of resistance measured in 0C-1 , ‘R0 ‘is 0 0C and  ‘RT ‘ is the resistance of 

the metal at temperature ‘T’, both resistance values being measured in Ω.  

By considering how conduction occurs in metals at the particle level, explain why a 

metal’s resistance would be expected to increase with temperature. 

f) For Nichrome, the value of ‘α’ is 1.0 x 10-4 / 0C. Discuss to what extent you 

would expect the resistance of the Nichrome wire to increase during the 

investigation outlined in parts a) to d) above, and to what degree your 

calculated temperature increases after 10 minutes might be inaccurate. 

g) The longer the time a current flows through a resistance wire, the less valid the 

assumption made in b) above will be in calculating the temperature increase of 

the wire. Explain why this is in terms of thermal energy transfer from the wire. 

 

2. This question is about an experiment to determine the energy efficiency of a 

filament bulb. 

a) Draw a simple circuit diagram which would enable you to determine the power 

being generated in a small filament bulb, and explain what readings you would 

take and how you would use them to calculate the power. 

b) Write down the energy transfer which takes place in a filament bulb. 

 

 

 

 



c) A student decides to determine the efficiency of a filament bulb by partially 

immersing the bulb in a large beaker of water and then finding how much 

energy is used to heat the water in a given time period and then subtracting this 

from the energy delivered by the circuit in a). Describe a method the student 

might use for this investigation, making it clear with a labelled diagram what 

equipment you would use and how. What measurements would you need to 

take and how? 

d) Write a detailed risk assessment for the investigation. 

e) Using the student’s idea, show that the efficiency of the filament bulb could be 

calculated from the following equation: 

Efficiency = 1 – mcΔθ / VIt 

where ‘m’ is the mass of water, ‘c’ is the specific heat capacity of water, ‘Δθ’ is the 

temperature increase of the water, ‘V’ is the PD across the filament bulb, ‘I’ is the 

current through the filament bulb, and ‘t’ is the time interval.   

f) In a particular investigation, the current through the bulb is measured to be 4.00 

A when the PD across it is 12.0 V. The bulb is immersed in a beaker containing 

400 cm3 of water, the density of water being 1.00 x 103 kg/m3 and the specific 

heat capacity of water being 4.20 x 103 J/kg0C. After a time of 15 minutes the 

water temperature increased from 18 0C to 30 0C. Use this data to show that 

the efficiency of this filament bulb is about 53%. 

g) The image below compares different types of bulb. Over a 10 year period, 

estimate the total costs and energy savings of LED bulbs versus halogen bulbs 

being used in your home, stating any assumptions you make. 

 

 

 



Task 6 Uses of Physics in Medicine 

In your GCSE Physics course you have studied how the following can be used in the 

field of Medicine: 

- The use of radioactive isotopes as tracers within the body 

- The use of ultrasound for foetal imaging and for treating kidney stones and 

cleaning teeth 

- The use of electromagnetic waves, such as infrared radiation for thermal 

imaging; laser light for corrective eye surgery; X-rays for imaging fractures; and 

gamma radiation for treating tumours 

- The use of refraction and lenses for correcting vision 

These, and many other applications of Physics, have underpinned much of the 

progress made in the field of Medicine in recent years. Other applications include: 

- The use of electron microscopy in imaging cells, viruses and bacteria 

- The use of electronics for monitoring the heart and blood flow 

- The use of electronic implants to reduce the effects of deterioration within the 

nervous system, such as epilepsy, motor neurone disease and Parkinson’s 

disease 

- The use of materials science and robotics in the development of prosthetics 

- The use of fibre optics and lasers in keyhole surgery 

- The use of magnetic resonance imaging 

 

Your task is to produce a report, power-point presentation or visual display which 

outlines the importance of Physics in Medicine. You should include a full range of 

applications, with detailed explanations of the underlying Physics behind at least 2 

applications. You should also carry out some internet research on aspects of 

Medical Physics which are ‘cutting edge’ and include commentary on these within 

your presentation. 

    

 

 

 

 



Task 7 Investigating Transformers 

 

1.  The diagram below shows the basic structure of a transformer. 

 

a) Explain in detail the operation of a transformer, starting with the AC voltage 

supply and ending with the AC current through the load resistor connected to 

the secondary coil, with particular emphasis on how a transformer utilises 

principles of electromagnetism. 

b) Carry out some internet research on causes of wasted energy or inefficiency in 

a transformer. Write a detailed summary of these causes plus how transformers 

are designed to minimise their effects. 

c) The efficiency of a transformer can be determined by comparing the power 

delivered to the load with the power delivered by the supply. Design an 

experiment which would enable you to investigate how the transformer’s 

efficiency varies with the turns ratio Ns : Np, where ‘p’ and ‘s’ refer to the primary 

and secondary coils respectively. You should particularly focus on what you 

would measure and how, and how you would ensure your results are valid. You 

should also include a diagram of how you would use your equipment. 

d) Complete a detailed risk assessment for your investigation. 

e) For the transformer shown in the diagram it is found that when the PD across 

the primary coil is 20 V, the current delivered from the secondary coil is 4.5 A. 

What current flows through the primary coil if the transformer is i) 100% efficient 

and ii) 90% efficient? 

f) For 90% efficiency, calculate the energy wasted when the transformer is used 

at the operating values in e) for an hour. 

 

2. Carry out some internet research on how and where transformers are 

commonly used and produce a short report on your findings. 

 

 

 

 



Task 8 Refraction and Lenses 

1. 

 

 

 

 

 

The first diagram above shows the formation of a continuous spectrum when white 

light is directed at one face of a glass prism. The second diagram shows how a 

continuous spectrum is produced when sunlight is shone on to a spherical water 

droplet. Write a detailed explanation of both processes, with clear and correct use of 

key Physics ideas and vocabulary and putting your ideas in a logical order. Pay 

attention to correct spelling and grammar. To support your explanations draw clear 

diagrams detailing the paths taken by one colour of light only in each case, clearly 

labelling rays and angles with their correct names, and showing the normal at each 

point where there is a change in direction of the light ray. 

2. 



Below are ray diagrams showing how images are formed by convex and concave 

lenses.  

a) Draw accurate ray diagrams for the following 4 scenarios, firstly for a convex 

lens and then for a concave lens (ie 8 diagrams in total): 

- lens of focal length 4 cm, object height of 3 cm placed 2 cm from the centre line of 

the lens  

- lens of focal length 4 cm, object height of 3 cm placed 4 cm from the centre line of 

the lens 

- lens of focal length 4 cm, object height of 3 cm placed 6 cm from the centre line of 

the lens 

- lens of focal length 4 cm, object height of 3 cm placed 8 cm from the lens 

b) Make a detailed comparison of the images produced.   

 

 

 

 

 

 

 



 

 

 

Task 9 The Physics of Big Structures – Bridges, Dams and Wind Turbines 

 

1. The diagram below shows a person of mass ‘m’ walking across a uniform beam 

of mass ‘M’ and length ‘L’, resting on 2 pivots separated by a distance ‘l’ as 

shown. The distance ‘x’ is the horizontal distance of the person’s centre of 

mass measured from the left-hand end of the beam. Gravitational field strength 

is ‘g’. The pivots are labelled ‘A’ and ‘B’. These pivots exert upward normal 

reaction forces on the beam of ‘RA ‘ and ‘RB’ respectively. 

 

A                                                     B                         C 

a) Assuming the beam is in equilibrium, so there is no resultant force acting on the 

beam, write down an equation which links RA , RB, M, m, and g. 

b) Given the centre of mass of the beam is half-way along its length, take 

moments about pivot A to obtain a second equation. 

c) Hence show that the reaction force at the pivot A is given by the equation: 

RA =  mg (1 – x/l) + Mg (1 – L/2l) 

And derive a similar expression for RB. 

d) Calculate the values of RA and RB for the situation when M = 200 kg, m = 80 kg, 

L = 5.0 m, l = 3.5 m and x = 2.0 m. 

e) With the values of M, m, L and l given in d), on the same axes draw 2 graphs to 

show how the values of RA and RB vary with the distance ‘x’ as the person 

walks the full length of the beam from A to C. 

f)  



2. The photograph below shows the Hoover Dam in the western USA. Carry out 

some internet research on the structure of the Hoover Dam and write a short 

report which explains the following in terms of principles of Physics: 

a) The selection of materials used in the dam’s construction 

b) How and why the thickness of the dam varies with depth 

c) Why the dam wall is curved across the gorge 

d) How much power can be generated by the turbines and how this relates to 

changes in the depth of water in the reservoir behind the dam. 

  

 

3. This image shows some wind turbines.  

a) Carry out some internet research and write a short account using clear Physics 

to explain the factors when considering the optimum height of the turbine above 

the ground and the optimum separation of wind turbines on a wind farm which 

has many wind turbines as shown. 

 

 

 



b) It can be shown that the power output ‘P’ of a wind turbine is given by the 

formula: 

P = 0.25 π ηρD2v3 

where ‘π’ is pi, ‘η’ is the turbine efficiency, ‘ρ’ is the air density, ‘D’ is the diameter of 

the circle described by the rotating blades, and ‘v’ is the wind speed. 

Explain the possible practical limitations of increasing the value of ‘D’ to maximise 

power output when designing a wind turbine. 

c) Assuming that all other variables remain unchanged, by what factor does the 

power generated increase when the wind speed is 20 m/s compared to when it 

is 5 m/s? 

d) Carry out some research and explain why wind turbines often have to be 

lowered when wind speeds are forecast to be very higTask 10 Analysing, 

Comparing and Designing Electric Circuits 

 

1. In the diagrams below there are 2 identical bulbs in each circuit, each of 

resistance 4.0 Ω, connected to 2 identical 3.0 V cells. 

a) With the aid of calculations, complete the table below the circuit diagrams to 

compare the 2 circuits.  

 

Property Series Circuit Parallel Circuit 

Total supply voltage (V) 
 

  

PD (V) across each bulb 
 

  

Current (A) through each 
bulb 

  

Current (A) through cells 
 

  

Power (W) generated in 
each bulb 

  

Energy (J) delivered to 
circuit in 1 hour 

  

Charge (C) passing 
through cells in 1 hour 

  

Net circuit resistance (Ω)   



 

 

b) If all 4 bulbs were placed in series with 2 x 3.0 V cells how would each of your 

answers above change for the series circuit? 

c) If all 4 bulbs were placed in parallel with 2 x 3.0 V cells how would each of your 

answers above change for the parallel circuit? 

d) With the aid of a diagram, design an investigation for how the total resistance of 

a parallel circuit depends upon the number of identical bulbs connected in 

parallel. Make clear what measurements you would take and how. 

e) Write a detailed risk assessment for this investigation, with focus on the key 

hazard, its associated risk and appropriate precautions. 

2. In the circuit below the resistance, R, of each bulb is different, such that: 

Rc  < RB < RA 

 

 

Explain, with reasons, how you think each of the following would compare for the 3 

bulbs: 

a) The PD across each bulb 

b) The current through each bulb 

c) The power generated in each bulb 

d) The brightness of each bulb, assuming all bulbs have the same energy 

efficiency. 

A student measures the following: 

- Cell voltage = 9.0 V 

- PD across A = 7.5 V 

- Current through A = 0.50 A 

- Current through B = 0.20 A 

Use this information to calculate the following: 

e) The resistance of each bulb 

f) The power generated in each bulb 



g) The net resistance of the circuit 

h) The energy delivered to the circuit in 20 minutes 

The student then modifies the circuit, connecting all 3 bulbs in parallel with the cell. 

i) What would be the current through the cell now? 

j) What would now be the net resistance of the circuit? 

k) How much energy would the cell now deliver to the circuit in 15 minutes? 

l) How would the brightness of each bulb change and why?  

3.  The diagram below (“Circuit 33”) is a control circuit for outdoor lighting which 

allows the bulb to shine brighter as ambient lighting reduces. 

 

 

a) With reference to the resistance properties of an LDR and to principles of 

circuits, explain in detail how the above circuit design is suited to its stated 

purpose. 

b) Discuss the limitations of the circuit in terms of energy efficiency, explaining 

how you think the energy efficiency would vary with ambient light intensity. 

c) How could the circuit be designed to maximise its energy efficiency over a 24 

hour period, whilst still ensuring it is suitable for its purpose? 

   

 


