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Welcome to the Brilliant Tutoring Programme 

Welcome to the Brilliant Tutoring Programme, run by The Brilliant Club. This programme is designed 

to help you boost your confidence, knowledge, and skills in a core subject. Your teacher has 

selected you because you are already doing well at school but believes that with extra support 

from this tuition you can achieve even more ambitious grades and reach your full potential. 

You’ll be covering core school subjects, working in a small tutorial group with a PhD researcher or 

Masters student as your tutor. This means that the programme also offers you the opportunity to 

widen your understanding of university.  

You’ll be in a group with three other pupils and will have 15 hours of tutoring. This will usually be 

delivered virtually over Microsoft Teams.. 

Tutorial Description 

Tutorial 1 
You tutor will introduce themselves and tell you a bit about their research or 

degree subject. 

Tutorial 2-13 
These are the tutorials where your tutor will teach you around three modules 

based on your school curriculum. 

Tutorial 14 
This will be a refresher session where you will revisit a topic from one of the 

modules you have previously covered.  

Tutorial 15 
The final tutorial is for your tutor to give you feedback and for you to reflect on 

your progress. 
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Making the most of your tutorials 

The purpose of your tutorials is for you to learn, recap or revise topics that you will cover in school, 

and to help you feel more confident as you approach your exams. Your tutor will get you involved 

in activities and tasks to help you with this. To make the most of the tutorials, we expect you to: 

 Turn on your video and microphone, if you can and feel comfortable doing so. 

 Engage with the activities your tutor sets and answer their questions via the chat 

functions or by using your microphone. 

 Use appropriate language, listen carefully and be respectful of your tutor and others in 

your group. 

 Be organised – log on in time for the start of your tutorial and bring this handbook and 

any stationary or equipment you might need. 

 Complete any surveys and Knowledge Checks that you are asked to do by your school 

or tutor. 

 

Knowledge Checks 

You’ll complete an online Knowledge Check at the start and end of each module, so that you, 

your tutor and your school can see how far you’ve progressed over the course of your tutorials.  

To complete the Knowledge Checks you should use the link provided by your tutor.   

If you’re not able to complete the questions online, they’re also in this handbook. You can 

complete them and either take a photo of your answers or type them in an email and send it to 

btpschools@thebrilliantclub.org along with your school and the name of your tutor. 

 

Contact us 

If you ever have any questions or need help from The Brilliant Club, contact us on: 

btpschools@thebrilliantclub.org 

 

  

mailto:btpschools@thebrilliantclub.org
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Module 1 – Maths skills in Physics 

This module will help pupils to work with standard form, decimal form and prefixes. You will also 

cover rearranging equations and analysing graphs.  

Tutorial Topic 

Tutorial 1.1 Working with values 

Tutorial 1.2 Working with equations 

Tutorial 1.3 Working with graphs 

Tutorial 1.4 Working with gradients 

Learning objectives 

In this module you will look at: 

1. Working with standard form, decimal form and prefixes 

2. Rearranging equations 

3. Analysing graphs 

Knowledge Check 1 

You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. The thickness of a sheet of paper is 100 μm. Express this value in decimal form, in metres 

(m). 

a) 100 m 

b) 0.001 m 

c) 0.000001 m 

d) 0.0001 m  

2. Calculate 8.2 x103 m x 1.2 km.  Express your answer in m2. 

a) 9.84 x 106 m2 

b) 984 m2 

c) 9.84 m2 

d) 104 m2 

3. A student calculates the volume of a cylinder to be 9,261 cm3. What is this value to 2 

significant figures? 

a) 92 cm3 

b) 9,300 cm3 

c) 9,261 cm3 

d) 10,000 cm3 

4. Consider the formula F= ma, where F is resultant force, m is mass and a is acceleration. 

Make ‘a’ the subject of the formula. 

a) 𝑎 = 𝐹 − 𝑚 
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b) 𝑎 = 𝐹𝑚 

c) 𝑎 =
𝐹

𝑚
 

d) 𝑚 =
𝑎

𝐹
 

5. A block of mass 500 g accelerates at 2.6 m/s2. Use the equation F=ma to calculate the 

resultant force acting on the block. 

a) 1.3 N 

b) 1,300 N 

c) 192 N 

d) 52 N 

6. Consider the formula P=I2R, where P is power, I is current and R is resistance. Make ‘I’ the 

subject of the formula. 

a) 𝐼 = 𝑃2 − 𝑅 

b) 𝐼 = √
𝑃

𝑅
 

c) 𝐼 =
𝑃2

𝑅2 

d) 𝑅 = 𝑃 − 𝐼2 

7. A resistor of resistance 10 kΩ passes a current of 5 mA. Use the equation P=I2R to calculate 

the power dissipated by the resistor. 

a) 50 W 

b) 5 W 

c) 0.0002 W 

d) 0.25 W 

8. The graph shows how the current through a filament 

lamp changes after the lamp is switched on. How long 

does it take for the current to reach its maximum value? 

a) 3.5 s 

b) 1.5 s 

c) 4.5 s 

d) 0.025 s 

 

 

 

 

9. A graph has been plotted using the data in the table below. Which graph on the next 

page is correct? 

a) A 

b) B 

c) C 

d) D  

 

Time(s) Distance (m) 

0 0 

10 16 

20 29 
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10. A student collected data to explore the relationship between the potential difference 

across a component and the current through the component. The student’s results are 

shown in the table below. Describe the relationship between potential difference and 

current. 

a) The current increases 

b) The current is directly proportional to the potential difference 

c) The current is inversely proportional to the potential difference 

d) The current equals the potential difference 

Potential Difference (V) Current (A) 

0 0 

1 0.1 

2 0.2 

3 0.3 

4 0.4 

11. Describe the relationship between variable Y and variable X in this graph. 

 

a) Y = 30X 

b) Y is directly proportional to X 

c) Y increases 

d) Y is proportional to X 
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12. The gradient of the line in the graph below 

is 20. State the equation for the line in the 

form Y = mX + C 

 

a) Y = 3X + 100 

b) Y = 30X  

c) Y = 20X + 100 

d) Y = 30X + 100 

 

13. Determine the gradient of this graph in 

m/s. 

 

a) 0.067 

b) 280 

c) 15 

d) -15 

 

 

14. This graph shows the power output of a nuclear reactor against time. Determine which 

graph correctly shows the gradient of the curve at 8 minutes in MW/min. 
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Tutorial 1.1 – Working with values 

In this tutorial you will look at: 

1. Using decimal form, standard form and prefixes 

2. Calculating with standard form and prefixes 

3. Using an appropriate number of significant figures 

Learning Activities 

Using decimal form, standard form and prefixes 

The table below shows the magnitude of common prefixes, in decimal form and 

standard form. Can you see a pattern? 

Complete the following table: 

 

 

Decimal form Standard form Prefixes 

0.000 000 001 m 1 x 10-9 m 1 nm (nano metres) 

0.000 001 m 1 x 10-6 m 1 μm (micro metres) 

0.001 m 1 x 10-3 m 1 mm (milli metres) 

1 m 1 x 100 m 1 m (metres) 

1 000 m 1 x 103 m 1 km (kilo metres) 

1 000 000 m 1 x 106 m 1 Mm (mega meters) 

1,000,000,000 m 1 x 109 m 1 Gm (giga metres) 

 Decimal form Standard form Prefix 

A bacterium has a length of… 0.000 002 5 m   

A wave has a frequency of…  5.7 x 106 Hz  

The wavelength of red light is…   700 nm 

A power station generates… 3 200 000 000 W   

A racetrack has a length of…  1.5 x 103 m  

Human reaction time is about…   200 ms 
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Calculating with standard form and prefixes 

Give your answers in standard form or using prefixes, as appropriate. 

1. Light travels 3 x 108 m in one second. How far will light travel in one minute? 

 

 

 

 

2. A bacterium swims 50 μm in one second. How far does it swim in one hour? Give your 

answer in metres. 

 

 

 

 

 

3. The distance from the Earth to the Sun is 1.5 x 1011 m. Assuming the Earth has a circular 

orbit, how far does the Earth travel around the Sun each year? 

 

 

 

 

 

4. A saltwater solution is produced by dissolving 800 μg of salt in 100 mL of water. What is 

the concentration of the solution in g/L? 

 

 

 

Using an appropriate number of significant figures 

Consider an object whose true mass is 48.07 kg. We can state the value of the mass to 

varying degrees of precision: 

o To one significant figure, the mass is 50 kg 

o To two significant figures, the mass is 48 kg 

o To three significant figures, the mass is 48.1 kg 

o To four significant figures, the mass is 48.07 kg 

In some GCSE questions, you will be asked to give your answer to a specific number of significant 

figures. Here is a worked example: 

Question 

Calculate the speed of an object that travels 8.7 m in 3.2 s. Give your answer to two 

significant figures. 

Answer 

d = 8.7 m, t = 3.2 s, v = d/t 

v = 8.7 m / 3.2 s  

v = 2.71875 m/s 

This is the full answer from the calculator. To two significant figures, we then write: 

v = 2.7 m/s 
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1. A power station generates 3 x 109 J every second. How much energy does it generate in 

one day? Give your answer to one significant figure. 

 

 

 

 

 

2. A gold nanoparticle has the shape of a cube, with side lengths of 2.5 nm. What is the 

volume of the cube? Give your answer in m3 to two significant figures. 

 

 

 

 

 

 

3. When the potential difference across a component is 2.75 V, the current through the 

component is 2.75 mA. Calculate the resistance of the component in V/A. Give your answer 

to three significant figures. (Hint: resistance = p.d. / current). 

 

 

 

 

 

 

4. A device transfers 4.657 GB of data in one hour. How much data does the device transfer 

per second? Give your answer in bytes to four significant figures. 
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Tutorial 1.2 – Working with equations 

In this tutorial you will look at: 

1. Changing the subject of a simple equation 

2. Solving problems with simple equations 

3. Changing the subject of a less simple equation 

4. Solving problems with less simple equations 

Learning activities 

Changing the subject of a simple equation 

Rearrange each equation to make the highlighted quantity the subject of the equation. 

Cross off the squares that you complete. 

Consider the equation 𝐹 =  
𝑚∆𝑣

∆𝑡
. Which of the following correctly shows ∆𝑡 as the subject of the 

equation? 

1. ∆𝑡 = 𝐹𝑚∆𝑣 

2. ∆𝑡 =  
𝑚∆𝑣

𝐹
 

3. ∆𝑡 =  
𝐹

𝑚∆𝑣
 

4. ∆𝑡 =  
𝐹∆𝑣

𝑚
 

  

𝐹 = 𝑚𝑎 

 

𝑣 = 𝑓𝜆 

 

𝐸 = 𝑚𝑔ℎ 

 

𝑝 = ℎ𝜌𝑔 

 

𝛥𝐸 = 𝑚𝑐𝛥𝜃 

 

𝜌 =
𝑚

𝑉
 

 

𝑣 =
𝑠

𝑡
 

 

𝑎 =
𝛥𝑣

𝛥𝑡
 

 

𝑉𝑃

𝑉𝑆
=

𝑛𝑃

𝑛𝑆
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Solving problems with simple equations 

The steps to solving problems with simple equations are: 

1. Identify the important data, converting any units if necessary. Also identify the 

quantity you need to calculate, and the equation that links the variables together. 

2. Rearrange the equation if necessary, making the quantity you need the subject of 

the equation. Substitute in the values and calculate the quantity. 

3. Evaluate the answer. Does it have the right units? Is it expressed to the right number 

of significant figures? Does the order of magnitude of the answer seem reasonable? 

Select from the following equations to solve the problems below: 

𝐹 = 𝑚𝑎 𝜌 =
𝑚

𝑉
 𝑣 = 𝑓𝜆 𝛥𝐸 = 𝑚𝑐𝛥𝜃 𝐹 = 𝑘ⅇ 

 

1. A spring of stiffness 520 N/m is extended by 14 cm. The spring does not exceed the limit of 

proportionality. Calculate the force applied to the spring in newtons. Give your answer to 

two significant figures. 

 

 

 

2. An iron cube a volume of 0.0010 m3. Iron has a density of 7900 kg/m3. Calculate the mass of 

the cube in kg. Give your answer to two significant figures. 

 

 

 

3. A force of 1.50 kN is applied to a vehicle of mass 825 kg. Calculate the acceleration of the 

vehicle in m/s2. Give your answer to three significant figures. 

 

 

 

4. A radio wave has a speed of 3.0 x 108 m/s and a frequency of 15 MHz. Calculate the 

wavelength of the wave in m. Give your answer to two significant figures. 

 

 

 

5. A block of mass 1.5 kg is heated. 2.5 kJ of energy are transferred to the block and its 

temperature is raised by 17 ºC. Calculate the specific heat capacity of the block. Give 

your answer to two significant figures. 
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Changing the subject of a less simple equation 

Rearrange each equation to make the underlined quantity the subject of the equation. 

Cross off the squares that you complete. 

 

 

 

   

Solving problems with less simple equations 

Select from the equations below to solve the problems: 

1. A spring of stiffness 1500 N/m is extended by 75 mm from its natural length. Calculate the 

elastic potential energy of the spring in J. Give your answer to two significant figures. 

 

 

 

2. A component has a resistance of 2.0 kΩ and dissipates a power of 500 mW. Calculate the 

current passed by the component in A. Give your answer to two significant figures. 

 

 

 

3. A ball of mass 475 g has a kinetic energy of 9.25 J. Calculate the speed of the ball in m/s. 

Give your answer to three significant figures. 

 

 

 

4. A car accelerates at 1.5 m/s2 over a distance of 65 m. The final speed of the car is 25 m/s. 

Calculate the initial speed of the car in m/s. Give your answer to two significant figures. 

  

𝑃 = 𝐼2𝑅 𝑃 = 𝐼2𝑅 𝑎2 − 𝑏2 = 2𝑐𝑑 

𝑎2 − 𝑏2 = 2𝑐𝑑 𝐸𝐾 =
1

2
𝑚𝑣2 𝐸𝐾 =

1

2
𝑚𝑣2 

𝑣2  − 𝑢2 = 2𝑎𝑠 𝐸𝑝  = 
1

2
𝑘ⅇ2 𝐸𝐾  = 

1

2
 𝑚𝑣2 𝑃  = 𝐼2𝑅 
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Tutorial 1.3 – Working with graphs 

In this tutorial you will look at: 

1. Reading graphs 

2. Plotting graphs 

3. Describing relationships in tables 

4. Describing relationships in graphs 

Learning activities 

Reading graphs 

The graph below shows the power output of a wind turbine against wind speed. Make 

readings from the graph to answer the question. 

 

1. What is the wind turbine power output when the wind speed is 5 m/s? 

 

 

2. What is the change in power output when the wind speed changes from 5 m/s to 10 m/s? 

 

 

3. What wind speed is required to achieve a power output of 1 MW? 

 

 

4. What is the maximum power output of the wind turbine? 

 

 

5. What is the minimum wind speed needed to achieve the maximum power output? 

 

  

YOU WILL NEED SOME GRAPH PAPER FOR THIS TUTORIAL 



 

15 

 

Plotting graphs 

A student investigated how the current flowing through a filament lamp changes with 

the potential different across it. The student obtained the results in the table. Use this 

data to plot a graph on a piece of graph paper. 

 

 

 

 

 

 

 

Describing relationships in tables 

A student is investigating Newton’s second law of motion. The student measures the 

acceleration of a trolley while varying either (i) the force on the trolley or (ii) the mass of 

the trolley. 

The student’s data is shown in the table below. The student states that the acceleration is directly 

proportional to the mass of the trolley and inversely proportional to the force on the trolley. Is the 

student right? 

 

 

 

 

 

 

 

Describing relationships in graphs 

1. A student throws a ball directly 

upward into the air and measured the 

ball’s velocity against time. The graph of the 

results is shown to the right. The student suggests 

the ball’s velocity is directly proportional to time. 

Do you agree? If not, how would you describe 

the relationship?  

 

 

 

Potential difference (V) Current (A) 

0 0 

3 1.0 

5 1.4 

7 1.7 

9 1.9 

11 2.1 

Acceleration (m/s²) Force (N) Mass (kg) 

0 2.1 25.2 

2 7.0 19.9 

4 12.1 14.8 

6 16.9 10.1 

8 22.2 5.2 
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2. A student heated some water and then 

measured the temperature of the water as it 

cooled in the graph to the left. The student 

states that the temperature is inversely 

proportional to time. Do you agree? If not, how 

would you describe the relationship? 

 

  



 

17 

 

Tutorial 1.4 – Working with gradients 

In this tutorial you will look at: 

1. Describing linear graphs with y=mx+c 

2. Measuring gradients 

3. Measuring the gradient using a tangent     

Learning activities 

Describing linear graphs with y=mx+c 

Match the following equations to the graphs below: 

1) y = 10x + 100  

2) y = 20x 

3) y = -10x +300  

4) y = 10x 

5) y = 2x + 300 

6) Y = 100 + 2x 
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Measuring gradients 

Measure the gradients of the graphs below. Give the units of the gradient. 

Measuring the gradient using a tangent     

The graph on the next page shows the power output of a nuclear reactor if the control 

rods were removed. Determine the rate of change of power output at 4 minutes, 6 

minutes, 8 minutes and 10 minutes. Four identical graphs have been provided for drawing 

tangents. 
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Module 1 review 

How do you feel now? 

This module aimed to help you to with: 

1. Working with standard form, decimal form and prefixes 

2. Rearranging equations 

3. Analysing graphs 

Reflection is important because it helps you review and improve the way you approach tasks, 

rather than just carrying on doing things as you have always done them. 

Take a few minutes to think about where you think you did well during the last four tutorials, and 

what you think you could improve on. Write your thoughts in the boxes below. 

What I did well… What I could have improved on… 

  

What I could do differently to make the most of my next tutorials… 

 

 

Knowledge Check 2 

You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. The thickness of a sheet of paper is 100 μm. Express this value in decimal form, in metres 

(m). 

a) 100 m 

b) 0.001 m 

c) 0.000001 m 

d) 0.0001 m  

 

 

2. Calculate 8.2 x103 m x 1.2 km.  Express your answer in m2. 

a) 9.84 x 106 m2 
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b) 984 m2 

c) 9.84 m2 

d) 104 m2 

3. A student calculates the volume of a cylinder to be 9,261 cm3. What is this value to 2 

significant figures? 

a) 92 cm3 

b) 9,300 cm3 

c) 9,261 cm3 

d) 10,000 cm3 

4. Consider the formula F= ma, where F is resultant force, m is mass and a is acceleration. 

Make ‘a’ the subject of the formula. 

a) 𝑎 = 𝐹 − 𝑚 

b) 𝑎 = 𝐹𝑀 

c) 𝑎 =
𝐹

𝑀
 

d) 𝑚 =
𝑎

𝐹
 

5. A block of mass 500 g accelerates at 2.6 m/s2. Use the equation F=ma to calculate the 

resultant force acting on the block. 

a) 1.3 N 

b) 1,300 N 

c) 192 N 

d) 52 N 

6. Consider the formula P=I2R, where P is power, I is current and R is resistance. Make ‘I’ the 

subject of the formula. 

a) 𝐼 = 𝑃2 − 𝑅 

b) 𝐼 = √
𝑃

𝑅
 

c) 𝐼 =
𝑃2

𝑅2 

d) 𝑅 = 𝑃 − 𝐼2 

7. A resistor of resistance 10 kΩ passes a current of 5 mA. Use the equation P=I2R to calculate 

the power dissipated by the resistor. 

a) 50 W 

b) 5 W 

c) 0.0002 W 

d) 0.25 W 

8. The graph shows how the current through a filament 

lamp changes after the lamp is switched on. How 

long does it take for the current to reach its 

maximum value? 

a) 3.5 s 

b) 1.5 s 

c) 4.5 s 

d) 0.025 s 

 

Time(s) Distance (m) 
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9. A graph has been plotted using the data in the table 

below. Which graph is correct? 

a) A 

b) B 

c) C 

d) D  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10. A student collected data to explore the relationship between the potential difference 

across a component and the current through the component. The student’s results are 

shown in the table on the next page. Describe the relationship between potential 

difference and current. 

a) The current increases 

b) The current is directly proportional to the potential difference 

c) The current is inversely proportional to the potential difference 

d) The current equals the potential difference 

Potential Difference (V) Current (A) 

0 0 

1 0.1 

2 0.2 

3 0.3 

4 0.4 

11. Describe the relationship between variable Y and variable X in the graph on the next page. 

 

0 0 

10 16 

20 29 
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a) Y = 30X 

b) Y is directly 

proportional to X 

c) Y increases 

d) Y is proportional to X 

 

 

 

12. The gradient of the line in the graph below is 20. State the equation for the line in the form Y 

= mX + C 

 

a) Y = 3X + 100 

b) Y = 30X  

c) Y = 20X + 100 

d) Y = 30X + 100 

 

 

 

13. Determine the gradient of this graph in 

m/s. 

a) 0.067 

b) 280 

c) 15 

d) -15 

 

 

 

14. The graph shows the power output of a nuclear reactor against time. Determine which of 

the graphs on the next page correctly shows the gradient of the curve at 8 minutes in 

MW/min. 

 

a) Graph A 

b) Graph B 

c) Graph C 

d) Graph D  

 

 



 

24 
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Module 2 – Practical skills in Physics 

In this module you’ll look at how to evaluate scientific ideas, how to plan a scientific experiment 

and how to evaluate error in scientific experiments. 

Tutorial Topic 

Tutorial 2.1 Scientific thinking 

Tutorial 2.2 Planning 

Tutorial 2.3 Measurements – part 1 

Tutorial 2.4 Measurements – part 2 

Learning objectives 

In this module you will look at: 

1. Evaluating scientific ideas 

2. Planning a scientific experiment 

3. Evaluating error in scientific experiments 

Knowledge Check 1 

You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. A student made an electromagnet by winding a wire around a nail and passing a current 

through the wire. The student hypothesised that the number of turns of wire around the nail 

would not affect the strength of the electromagnet. The student collected the data in the 

table shown on the next page to test the hypothesis. Should the student: 

 

a) Accept the hypothesis 

or  

b) reject the hypothesis.  

Number of turns Maximum number of paperclips in a chain that the electromagnet can lift 

0 0 

5 1 

10 2 

15 3 

20 4 
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2. What does the term ‘repeatable’ mean? 

a) You get the same output for different inputs 

b) Somebody else can try a similar experiment 

c) You get the same results every time you conduct the same experiment 

d) Somebody else can conduct the same experiment and get the same result 

3. What does the term ‘reproducible’ mean? 

a) You get the same output for different inputs 

b) Somebody else can try a similar experiment 

c) You get the same results every time you conduct the same experiment 

d) Somebody else can conduct the same experiment and get the same result 

4. A student investigates how temperature affects the time it takes for a cube of sugar to 

dissolve in water. Identify the independent variable in the experiment. 

a) Same volume of water 

b) Time taken to dissolve sugar 

c) Temperature of water 

5. Identify the dependent variable in the above experiment 

a) Same volume of water 

b) Time taken to dissolve sugar 

c) Temperature of water  

6. Identify a control variable in the above experiment 

a) Same volume of water 

b) Time taken to dissolve sugar 

c) Temperature of water  

7. In the experiment above, what equipment could be used to measure temperature? 

a) Stopwatch 

b) Thermometer 

c) Measuring beaker  

8. In the experiment above, what equipment could be used to measure the time taken to 

dissolve the sugar? 

a) Stopwatch 

b) Thermometer 

c) Measuring beaker  

9. In the experiment above, what equipment could be used to measure the time taken to 

dissolve the sugar? 

a) Stopwatch 

b) Thermometer 

c) Measuring beaker  

10. What risk assessments would you make for the above experiment? 

a) Wear gloves since water is hot 

b) Keep the temperature of the water below boiling point 

c) Stir the water carefully to avoid splashing 

d) All of the above 
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11. State the resolution of this mass balance.1 

a) 1 kg 

b) 0.01 g 

c) 1 g 

d) 0.1 g  

 

 

12. A student measures the extension of a spring under a load of 10 N. The spring does not 

exceed its elastic limit. The student repeats the measurement three times and obtains these 

results: 5.2 cm, 4.8 cm, 5.0 cm. State the type of errors responsible for the variation. 

a) Zero error 

b) Systematic error 

c) Random error 

d) Parallax error 

13. Explain how the student can reduce random errors. 

a) Repeat the experiment a number of times and take an average value of all the 

readings 

b) Take great care on a single measurement and use that one 

c) Get someone else to check each of his measurements 

14. Calculate the uncertainty in the following readings: 5.2 cm, 4.8 cm, 5.0 cm 

a) 0.2 cm 

b) 0.4 cm 

c) 5.0 cm 

d) 1.0 cm  

15. Calculate the uncertainty in the following readings: 5.2 cm, 4.8 cm, 5.0 cm 

a) 0.2 cm 

b) 0.4 cm 

c) 5.0 cm 

d) 1.0 cm  

16. The same student calculates the mean for the spring extension experiment: 5.1 cm, 4.9 cm, 

9.2 cm, 5.0 cm after dismissing the anomalous results. What is the mean value? 

a) 4.9 cm 

b) 5.0 cm 

c) 9.2 cm 

d) 6.05 cm  

17. What is the precision of the above experiment? 

a) 0.2 cm 

b) 5.0 cm 

c) 0.1 cm 

d) 2.15 cm   

 
1 Image credit: https://commons.wikimedia.org/wiki/File:Electronic_balance.PNG 

https://commons.wikimedia.org/wiki/File:Electronic_balance.PNG
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Tutorial 2.1 – Scientific thinking 

In this tutorial you will look at: 

1. Supporting scientific ideas 

2. Accepting scientific ideas 

3. Changing scientific ideas 

Learning Activities 

Supporting scientific ideas 

The following material is adapted from an AQA GCSE Physics paper. 

In 1772, an astronomer called Johan Bode developed an equation to predict the orbital radii of 

the planets around the Sun. The table below shows Bode’s predicted orbital radii and the actual 

orbital radii for the planets that were known in 1772. The predicted data are accurate – they are 

close in value to the actual data. 

Planet 
Predicted orbital radius in 

millions of kilometres 

Actual orbital radius in 

millions of kilometres 

Mercury 60 58 

Venus 105 108 

Earth 150 150 

Mars 240 228 

Jupiter 780 778 

Saturn 1500 1430 

Bode used his equation to predict the existence of a planet with an orbital radius of 2940 million 

kilometres. The planet Uranus was discovered in 1781. Uranus has an orbital radius of 2875 million 

kilometres. Explain the significance of the discovery of Uranus for Bode’s work. 

Accepting scientific ideas 

1. An engineer builds a battery-powered doorbell with light. The circuit diagram is 

shown below. With one cell, the engineer finds that the doorbell can be rung 1500 times 

before the bell stops working. How could the engineer check the repeatability of the 

result? Pick from the options on the next page. 
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2. A student investigated the reflection of light by a plane mirror. The student measured 

the angle of reflection (r) for various angles of incidence (i). The students’ results are 

shown in the table. 

 

 

 

 

 

 

 

 

The student concluded that for a plane mirror, the angle of incidence is equal to the angle of 

reflection. How could the student check the repeatability and reproducibility of the results? 

Changing scientific ideas 

Sometimes an old scientific idea is discarded. This can happen if new data is collected 

that cannot be explained by the old idea. The old idea can be replaced by a new 

scientific idea, if the new idea can explain the new data.    

An example of this process is the development of the nuclear model of the atom, which is 

explained in this extract: 

Ideas about atoms have changed over time. Scientists developed new atomic models as they 

gathered new experimental evidence. 

John Dalton published his ideas about atoms in 1803. He thought that all matter was made of tiny 

particles called atoms, which he imagined as tiny spheres that could not be divided. 

Nearly 100 years later, JJ Thomson carried out experiments and discovered the electron. This led him 

to suggest the plum pudding model of the atom. In this model, the atom is a ball of positive charge 

with negative electrons embedded in it - like currants in a Christmas pudding. 

In 1909 Ernest Rutherford designed an experiment to test the plum pudding model. In the 

experiment, positively charged alpha particles were fired at thin gold foil. Most alpha particles went 

straight through the foil. But a few were scattered in different directions. 

 

A Repeat the experiment with a different resistor in the circuit 

B Repeat the experiment using exactly the same method 

C Repeat the experiment with a different buzzer 

Angle of incidence Angle of reflection 

20° 21° 

30° 28° 

40° 40° 

50° 49° 
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Sometimes an old scientific model is replaced by a new model. Explain why scientists replace an 

old scientific model with a new model. Include an example from Physics in your answer. 

Approach this question as if it were worth 4 marks in an exam. A mark scheme is included below 

as a guide for assessing your answer. 

Mark scheme: 

 New evidence/observations/data presented (1 mark) 

 New evidence cannot be explained by old model (1 mark) 

• Or predictions of old model shown to be incorrect 

 New evidence can be explained by new model (1 mark) 

• Or predictions of new model shown to be correct 

 An example of this process in physics (1 mark). Examples include: 

• Geocentric model being replaced by heliocentric model of solar system 

• Steady-state theory being replaced by Big Bang theory in cosmology    

• Plum pudding model being replaced by nuclear model of atom 

 

 

 

 

 

 

 

 

Continue on a separate piece of paper… 

This evidence led Rutherford to suggest a new model for the atom, called the nuclear model. In 

the nuclear model: the mass of an atom is concentrated at its centre in a ‘nucleus’; the nucleus is 

positively charged. 

Niels Bohr adapted Ernest Rutherford's nuclear model. Bohr did calculations that led him to suggest 

that electrons orbit the nucleus in shells. The shells are at certain distances from the nucleus. The 

calculations agreed with observations from experiments. 

Further experiments led to the idea that the nucleus contained small particles, called protons. Each 

proton has a small amount of positive charge. 

In 1932 James Chadwick found evidence for the existence of particles in the nucleus with mass but 

no charge. These particles are called neutrons. This led to another development of the atomic 

model, which is still used today. 

Adapted from BBC Bitesizecc 
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Tutorial 2.2 - Planning 

In this tutorial you will look at: 

1. Identifying variables 

2. Writing a method 

3. Risk assessment 

Learning activities 

Identifying variables 

Identify the independent variable, dependent variable and control variables in each of 

the following investigations. 

Investigation 
Independent 

variable 

Dependent 

variable 
Control variable(s) 

A student investigated how the 

length of a wire affected the 

resistance of the wire.  

   

A student investigated how the 

mass of a trolley affected the 

acceleration of the trolley when 

a force was applied to the 

trolley. 

   

A student investigated how the 

nature of a surface affects the 

amount of infrared radiation the 

surface emits. 

   

A student investigated how the 

extension of a spring was 

affected by the force applied 

to the spring. 

   

A student investigated how 

heat transfer in a material is 

affected by the thickness of the 

material.  
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Writing a method 

Choose an experiment from the grid below and write a method for it. Continue on a 

separate piece of paper if necessary. 

A student investigated how the length of a 

wire affected the resistance of the wire. The 

diagram below shows some of the 

equipment used by the student. Describe 

how the student would obtain the data 

needed for the investigation. 

 

A student investigated how the mass of a trolley 

affected the acceleration of the trolley when a 

force was applied to the trolley. The diagram 

below shows some of the equipment used by the 

student. Describe how the student would obtain 

the data needed for the investigation. 

A student investigated how the extension of 

a spring was affected by the force applied 

to the spring. The diagram below shows 

some of the equipment used by the 

student. Describe how 

the student would 

obtain the data 

needed for the 

investigation. 

 

 

A student investigated how heat transfer through 

a material is affected by the thickness of the 

material. The diagram below shows some of the 

equipment used by the student. Describe how 

the student would obtain the data needed for 

the investigation. 
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Risk assessment 

Perform a risk assessment (identifying hazards, risks and precautions) for each of the 

following investigations.  

Investigation Hazards Risks Precautions 

A student investigated 

how the length of a wire 

affected the resistance 

of the wire.  

 

 

 

 

 

 

  

A student investigated 

how the mass of a trolley 

affected the 

acceleration of the 

trolley when a force was 

applied to the trolley. 

 

 

 

 

 

 

  

A student investigated 

how the extension of a 

spring was affected by 

the force applied to the 

spring. 

 

 

 

 

 

 

  

A student investigated 

how heat transfer in a 

material is affected by 

the thickness of the 

material.  
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Tutorial 2.3 – Measurements – part 1 

In this tutorial you will look at: 

1. Instrument resolution 

2. Random and systematic error 

3. Managing error 

4. Uncertainty 

Learning activities 

Instrument resolution 

Image 1 shows a thermometer used to read temperature in °C. What is the resolution of 

the thermometer?2  

Image 2 shows a ruler. State the resolution of both scales. 

Image 3 shows bathroom scales to measure mass. What is the resolution of the instrument?  

Image 4 shows a digital calliper used to measure the width of an object. What is the resolution of 

the instrument? 

 
2 Image credits: amazon.com, pixabay.com, amazon.com, wish.com 
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A student measured the current through a 

component against the potential difference 

across the component. The student’s data is 

shown in the table. What is the resolution of the 

voltmeter and ammeter used in the investigation? 

 

A student used two ammeters to measure the 

current through different components in a 

parallel circuit. The table shows the student’s 

data. Which ammeter had a higher resolution? 

 

 

Random and systematic error 

Measurements are subject to ‘error’. Four important types of error are shown below. 

Type of error Description Example 

Random 

error 

Random error causes readings to be 

spread about the true value of the 

quantity you are trying to measure. The 

error is 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 avoided. 

The time taken for a pendulum 

to swing once was measured 

three times. The results were 5.2 

s, 5.1 s and 5.3 seconds. The 

spread in results is due to 

random error. 

Systematic 

error 

Systematic error causes readings to differ 

from the true value of the quantity you are 

trying to measure by a consistent amount 

each time the measurement is made. 

Sources of systematic error include the 

environment, the method used, or the 

instrument being used. 

A student filled two identical 

measuring cylinders with 

different liquids. Each cylinder 

was placed on a mass balance 

to measure the masses of the 

liquids. The presence of the 

cylinders introduces systematic 

error. 

Zero error This is an important type of systematic 

error. Zero error occurs when an instrument 

reads a non-zero value when the true 

value of the quantity being measured is 

zero.  

An ammeter reading 0.1 A 

when there is no current 

flowing. 

Potential difference / V Current / mA 

2.1 2.05 

4.0 3.92 

6.2 6.07 

Ammeter A in amps Ammeter B in amps 

0.31 0.4 

0.68 0.7 

0.89 0.9 
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Parallax 

error 

A parallax error can occur when reading 

the scale on an instrument. The example 

shows a student reading the position of a 

mass on a spring using a ruler. Parallax 

error occurs if the eye is too high. 

Parallax error can cause random error (if 

the position of your eye varies) or 

systematic error (if the position of your eye 

is consistently too high or too low).  

(image adapted from 

en.wikipedia.org) 

 

1. A student investigated how the length of a piece of wire affected the resistance of the 

wire. The student used the circuit shown below. The length of the wire was varied and 

measured with a ruler. The resistance of the wire was determined by dividing the current 

through the wire by the potential difference across the wire. 

 

a) The student repeated the experiment three times. The table shows the student’s 

data. For each length, the resistance has a range of values. What type of error 

causes this range? 

 

 

b) Suggest sources of the error that causes each resistance to have a range of 

values.  

 

 

 

 

 

 

 

2. A student wanted to determine the density of a rock. To do this, the student needed to 

measure the mass of the rock and the volume of the rock.  

 

a) The student used a mass balance to measure the mass of the rock. The image 

below shows the scale of the mass balance before the measurement. What type 

of error does the scale show? Explain your answer. 

 

 

Length / m Resistance 1 / Ω Resistance 2 / Ω Resistance 3 / Ω 

0.1 12.2 12.1 12.3 

0.2 24.1 23.9 24.1 

0.3 35.8 36.3 36.1 
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b) The student places the stone in a measuring cylinder containing water. The 

amount by which the water level rises is equal to the volume of the stone. The 

images show how the student measures the initial volume of water and the final 

volume of water. What type of error occurs here? Explain your answer.  

 

 

 

c) To calculate the density of the rock, the student divides the mass of the rock by 

the volume of the rock. Suggest the effect of the two errors above on the value 

of the density calculated by the student. 

 

 

 

 

 

 

 

 

 

Managing error 

1.  A student used a digital mass balance to measure the mass of an object. 

Afterward, the student noticed that the balance reads negative 0.5 g without an object on 

the balance. How can the student correct for these zero errors?  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Angle of 

incidence 

Angle of 

reflection 

test 1 

Angle of 

reflection 

test 2 

20° 19° 20° 

40° 39° 41° 

60° 61° 61° 
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2. A student investigates the relationship between the angle of incidence and angle of 

reflection for a light ray striking a plane mirror. The student collects the data shown in the 

table below. State the type of error in data and describe how the effect of the error can 

be reduced. 

 

 

 

 

3. A student measured the potential difference across a 

component in a circuit using the analogue voltmeter 

shown below. Describe how the student could limit 

parallax error.3  

 

 

 

 

 

 

 

 

4. A student wishes to measure the mass of 1 L of a liquid, by pouring the liquid into a 

measuring cylinder and then weighing the measuring cylinder on a mass balance. Explain 

why this will generate a systematic error, and how the student can avoid the systematic 

error by adjusting the method.   

 

 

 

 

 

Uncertainty 

1. A student used different methods to determine the density of a metal cube. The 

student obtained the following results: 7100 kg/m3, 6900 kg/m3, 7000 kg/m3. Determine 

the uncertainty in the students’ results. 

 

 

 

 

 

 

 

 

 
3 Image credit: amazon.com 
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2. A student investigates the relationship between the angle of incidence and angle of 

reflection for a light ray striking a plane mirror. The student collects the data shown in the 

table below. Determine the uncertainty in angle of reflection when the angle of incidence 

is 60°. 

 

 

 

 

 

 

 

 

 

 

 

3. A student investigated how the length of a piece of wire affected the resistance of the 

wire. The table below shows the student’s data. Determine the uncertainty in the resistance 

of a 0.2 m long wire. 

 

   

Angle of incidence 
Angle of reflection test 

1 

Angle of reflection test 

2 

Angle of reflection 

test 3 

20° 19° 20° 20° 

40° 39° 41° 40° 

60° 61° 63° 59° 

Length / m Resistance 1 / Ω Resistance 2 / Ω Resistance 3 / Ω Mean / Ω 

0.1 12.2 12.1 12.3 12.1 

0.2 24.1 23.9 24.1 24.0 

0.3 35.8 36.3 36.1 36.1 
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Tutorial 2.4 – Measurements – part 2 

In this tutorial you will look at: 

1. Anomalies 

2. Accuracy and precision 

3. Improving accuracy and precision 

Learning activities 

Anomalies 

1. A student measures the resistance of a wire while varying the wire length. The 

student repeated the experiment four times. The results are shown in the table below. 

 

Length   in 

m 

Resistance 1     

in Ω 

Resistance 2   

in Ω 

Resistance 3   

in Ω 

Resistance 4 in 

Ω 

Mean in Ω 

0.1 12.2 12.1 17.6 12.1  

0.2 24.1 23.9 24.1 24.0  

0.3 35.8 21.4 36.1 36.1  

 

a) Identify any anomalies 

b) Calculate the mean resistance for each length 

 

2. A student investigated the relationship between the current through a component in a 

circuit and the potential difference across the component. The table shows the students’ 

results. Calculate the mean current for each potential difference. 

 

p.d. / V Current 1 / mA Current 2 / mA Current 3 / mA Mean current / 

mA 

2.0 2.2 1.9 2.0  

4.0 3.9 3.9 4.1  

6.0 6.0 7.8 5.9  
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3. A student investigated the relationship between the 

extension of a spring and the force applied to the 

spring. The student’s results are plotted in this graph. 

a) Identify the anomalous result 

b) Suggest a reason for the anomalous result 

 

 

 

 

 

 

 

Accuracy and precision 

1. Four students measured the length of a 100 mm long pencil. Their results are shown 

below. 

 

Explain: 

a) Which student has measurements that are accurate and precise? 

b) Which student has measurements that are accurate but imprecise? 

c) Which student has measurements that are inaccurate but precise? 

d) Which student has measurements that inaccurate and imprecise? 

 

2. A student investigated the relationship between 

the acceleration of a mass and the force applied 

to the mass. The results are shown below. Why can 

the data in the table not be used to show whether 

the acceleration measurements are precise or 

imprecise?    

 

 

Measurement Student A Student B Student C Student D 

1 82 mm 106 mm 89 mm 101 mm 

2 61 mm 95 mm 91 mm 99 mm 

3 91 mm 101 mm 90 mm 100 mm 

Force / N Acceleration / m/s2 

10 1.5 

20 3.1 

30 4.4 
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3. A student uses an ammeter to measure the current through a component in a circuit. The 

student repeats the measurement several times. Afterward, the student noticed that the 

ammeter had a zero error: the ammeter reads 0.05 A when disconnected from the circuit. 

Suggest the impact of these zero errors on the accuracy and precision of the 

measurements. 

 

 

 

Improving accuracy and precision 

1. Explain the reasoning behind each of these statements: 

 Impact on accuracy Impact on precision Reasoning 

Random 

error 

Random error reduces 

accuracy 

Random error reduces 

precision 

 

Systematic 

error 

Systematic error reduces 

accuracy 

Systematic error does not 

affect precision 

 

Anomalies 
Anomalies reduce 

accuracy 

Anomalies reduce 

precision 

 

Resolution 

Using low resolution 

instruments might 

reduce accuracy 

Instrument resolution does 

not affect precision 

 

 

2. Two students measure the length of a cylinder. One student uses a ruler. The other student 

uses a digital calliper.4  

 

a) Compare the resolutions of the instruments used 

 

 

b) Compare the accuracy of length measurements 

made by each student 

 

 

 

 

 

 
4 Image credits: pixabay.com, wish.com 
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3. A student investigated the relationship between wire length and resistance. Temperature 

affects resistance. The student disconnected the wire from the circuit between readings so 

that the temperature of the wire would not change. Explain how this step affected the 

accuracy and precision of the student’s results. 

 

 

 

 

Module 2 review 

How do you feel now? 

This module aimed to help you with: 

1. Evaluating scientific ideas 

2. Planning a scientific experiment 

3. Evaluating error in scientific experiments 

Reflection is important because it helps you review and improve the way you approach tasks, 

rather than just carrying on doing things as you have always done them. 

Take a few minutes to think about where you think you did well during the last four tutorials, and 

what you think you could improve on. Write your thoughts in the boxes below. 

What I did well… What I could have improved on… 

  

What I could do differently to make the most of my next tutorials… 
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Knowledge Check 2 

You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. A student made an electromagnet by winding a wire around a nail and passing a current 

through the wire. The student hypothesised that the number of turns of wire around the nail 

would not affect the strength of the electromagnet. The student collected the data in the 

table shown below to test the hypothesis. Should the student: 

a) Accept the hypothesis 

or  

b) reject the hypothesis.  

Number of turns Maximum number of paperclips in a chain that the electromagnet can lift 

0 0 

5 1 

10 2 

15 3 

20 4 

2. What does the term ‘repeatable’ mean? 

a) You get the same output for different inputs 

b) Somebody else can try a similar experiment 

c) You get the same results every time you conduct the same experiment 

d) Somebody else can conduct the same experiment and get the same result 

3. What does the term ‘reproducible’ mean? 

a) You get the same output for different inputs 

b) Somebody else can try a similar experiment 

c) You get the same results every time you conduct the same experiment 

d) Somebody else can conduct the same experiment and get the same result 

4. A student investigates how temperature affects the time it takes for a cube of sugar to 

dissolve in water. Identify the independent variable in the experiment. 

a) Same volume of water 

b) Time taken to dissolve sugar 

c) Temperature of water 

5. Identify the dependent variable in the above experiment 

a) Same volume of water 

b) Time taken to dissolve sugar 

c) Temperature of water  

6. Identify a control variable in the above experiment 

a) Same volume of water 
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b) Time taken to dissolve sugar 

c) Temperature of water  

7. In the experiment above, what equipment could be used to measure temperature? 

a) Stopwatch 

b) Thermometer 

c) Measuring beaker  

8. In the experiment above, what equipment could be used to measure the time taken to 

dissolve the sugar? 

a) Stopwatch 

b) Thermometer 

c) Measuring beaker  

9. In the experiment above, what equipment could be used to measure the time taken to 

dissolve the sugar? 

a) Stopwatch 

b) Thermometer 

c) Measuring beaker  

10. What risk assessments would you make for the above experiment? 

a) Wear gloves since water is hot 

b) Keep the temperature of the water below boiling point 

c) Stir the water carefully to avoid splashing 

d) All of the above 

11. State the resolution of this mass balance.5 

a) 1 kg 

b) 0.01 g 

c) 1 g 

d) 0.1 g  

 

12. A student measures the extension of a spring under a load of 10 N. The spring does not 

exceed its elastic limit. The student repeats the measurement three times and obtains these 

results: 5.2 cm, 4.8 cm, 5.0 cm. State the type of errors responsible for the variation. 

a) Zero error 

b) Systematic error 

c) Random error 

d) Parallax error 

 

 

 

 

 
5 Image credit: https://commons.wikimedia.org/wiki/File:Electronic_balance.PNG 

https://commons.wikimedia.org/wiki/File:Electronic_balance.PNG
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13. Explain how the student can reduce random errors. 

a) Repeat the experiment a number of times and take an average value of all the 

readings 

b) Take great care on a single measurement and use that one 

c) Get someone else to check each of his measurements 

14. Calculate the uncertainty in the following readings: 5.2 cm, 4.8 cm, 5.0 cm 

a) 0.2 cm 

b) 0.4 cm 

c) 5.0 cm 

d) 1.0 cm  

15. Calculate the uncertainty in the following readings: 5.2 cm, 4.8 cm, 5.0 cm 

a) 0.2 cm 

b) 0.4 cm 

c) 5.0 cm 

d) 1.0 cm  

16. The same student calculates the mean for the spring extension experiment: 5.1 cm, 4.9 cm, 

9.2 cm, 5.0 cm after dismissing the anomalous results. What is the mean value? 

a) 4.9 cm 

b) 5.0 cm 

c) 9.2 cm 

d) 6.05 cm  

17. What is the precision of the above experiment? 

a) 0.2 cm 

b) 5.0 cm 

c) 0.1 cm 

d) 2.15 cm   
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Module 3 - Motion 

In this module your look at the difference between scalar and vector quantities, analysing motion 

graphs and performing calculations relating to acceleration. 

Tutorial Topic 

Tutorial 3.1 Speed and velocity 

Tutorial 3.2 The Distance-Time Graph 

Tutorial 3.3 Acceleration 

Tutorial 3.4 The Velocity-Time Graph 

 

Learning objectives 

In this module you will look at: 

1. The difference between scalar and vector quantities 

2. Analysing motion graphs 

3. Performing calculations relating to acceleration 

Knowledge Check 1 

You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. The scale diagram below shows the path taken by a car between points A and B. 

Determine the magnitude of the displacement of the car from point A. 

a) 6 cm 

b) 6 km 

c) 4.47 km 

d) 8 km  

 

 

2. A cheetah travels 75 m in 3 s. Calculate the average speed of the cheetah during this 

period 

a) 25 m/s 

b) 210 m/s 

c) 75 km/hr 

d) 100 m/min  

3. A car travels with a constant speed in a circle at a roundabout. Explain why the velocity of 

the car is constantly changing. 

a) The speed keeps changing 
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b) The car keeps to a constant radius 

c) The direction of travel is constantly changing 

d) The driver needs to brake to go round the roundabout 

 

4. The distance-time graph shown here is for a 

car on a journey. Determine the distance 

travelled by the car between 30 s and 40 s. 

a) 20 m 

b) 10 m 

c) 60 m 

d) 40 m 

 

5. Determine the speed of the car at 25 s. 

a) 12.5 m/s 

b) 50 m/s 

c) 1.67 m/s 

d) 2.5 m/s 

 

6. Determine the speed of the car at 50 s. 

a) 4.5 m/s 

b) 1.8 m/s 

c) 90 m/s 

d) 16 m/s 

 

 

 

 

 

 

 

 

 

7. A car travels round a roundabout at a constant speed. Explain why the car is accelerating. 

a) The driver is increasing the speed 

b) The direction of travel is constantly changing 

c) The roundabout is pulling the car toward the centre 

d) The driver is being pushed towards the outside of the car 

 

8. A vehicle is accelerating from 10 m/s to 20 m/s in 5 s. Calculate the acceleration of the 

vehicle. 

a) 10 m/s 
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b) 20 m/s 

c) 2 m/s 

d) 4 m/s  

9. A vehicle accelerates from 15 m/s to 20 m/s. During this period of acceleration, the vehicle 

covers a distance of 50 m. Calculate the acceleration of the vehicle. 

a) 1.75 m/s2 

b) 0.1 m/s2 

c) 0.8 m/s2 

d) 10 m/s2 

10. The velocity-time graph for a car on journey is shown here. For how long during the journey 

is the car stationary? 

a) 25 s 

b) 10 s 

c) 5 s 

d) 0 s 

 

11. Determine the acceleration of the 

car at 7.5 s 

a) 1 m/s2 

b) 0.4 m/s2 

c) 1.5 m/s2 

d) 5 m/s2 

 

12. Determine the displacement of the car between 0 s and 10 s 

a) 2 m 

b) 5 m 

c) 10 m 

d) 20 m 
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Tutorial 3.1 – Speed and velocity 

In this tutorial you will look at: 

1. Distance and displacement 

2. Speed 

3. Velocity 

Learning activities 

Distance and displacement 

1. An elevator in a building completes the following journey: the elevator travels from 

the ground floor to the second floor (6 m above the ground) and back to the ground 

floor. Determine for the journey: 

a) the distance travelled by the elevator 

b) the displacement of the elevator 

 

 

 

 

 

2. A train travels from village A to village B. The diagram shows the path taken by the train. 

Determine the displacement of the train. 
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3. A train travels from town A to town B. The diagram shows the path taken by the train. 

Determine the displacement of the train. 

 

 

 

 

 

 

 

 

 

 

 

Speed 

1. Usain Bolt holds the world record in the men’s 100 m sprint, with a time of 9.58 s. 

Calculate his average speed in the race. 

 

 

 

2. The ‘hour record’ in cycling is the record for the longest distance cycled in one hour on a 

bicycle from a stationary start. The women’s hour record is held by Vittoria Bussi who cycled 

48.007 km. Calculate her average speed in the race. 

 

 

3. The fastest production car in the world is the Tuatara made by Shelby Super Cars North 

America. It has a top speed of 148 m/s. At this speed, what distance would the Tuatara 

travel in 1 minute? 

 

 

4. The fastest wind speed not related to tornados ever recorded is 113.3 m/s, on Barrow Island, 

Australia in 1996. At this speed, what distance would the wind cover in 1 minute? 
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5. The speed of sound in air is 330 m/s. A person observes a lightning strike 1.0 km away. What 

is the time delay between the person seeing the lightning bolt and hearing the 

thunderclap? 

 

 

6. The X-15 rocket powered aircraft holds the record for the fastest vehicle on Earth. In 1967 it 

flew at 7290 km/h. What distance did the aircraft cover in 1 second?   

 

 

7. The fastest speed travelled by humans was during the Apollo 10 space mission. While 

returning from the moon, the Apollo 10 spacecraft reached a speed of 39,897 km/h. What 

distance did the spacecraft travel in 1 second? 

 

 

Velocity 

1. Car A travels north on a road at 10 m/s. In the opposite lane, Car B travels south at 

10 m/s. Compare the speeds and velocities of Car A and Car B. 

 

 

 

 

 

 

2. A crow takes 5 minutes to fly between point A and point B with a constant speed. 

Determine the velocity of the crow. 
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3. A plane takes 3 minutes to travel between point A and point B with a constant 

speed. Determine the velocity of the plane. 
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Tutorial 3.2 – The Distance-Time Graph 

In this tutorial you will look at: 

1. The distance-time graph 

2. Calculating speed from a distance-time graph (uniform motion) 

3. Calculating speed from a distance-time graph (non-uniform motion) 

Learning activities 

The distance-time graph 

1. This is a distance time graph for a cyclist 

on a journey.  

 

a) How far has the cyclist travelled after 20 s? 

 

b) For which times is the cyclist stationary? 

 

c) How long does it take the cyclist to travel 175 m? 

 

d) How long does it take the cyclist to complete the 

last 25 m of the journey? 

 

 

 

2. The table below shows distance-time data for a runner. Plot a distance-time graph on a 

separate piece of graph paper for the runner. 

Time (s) Distance (m) 

0 0 

10 75 

20 125 

30 150 

40 150 

50 175 

 

 

 

YOU WILL NEED SOME GRAPH PAPER FOR THIS TUTORIAL 
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Calculating speed from a distance-time graph (uniform motion) 

1. The distance-time graph is for a cyclist on a journey.  

Determine the speed of the cyclist between: 

a) 0 s and 30 s 

b) 30 s and 40 s 

c) 40 s and 60 s 

 

 

 

 

 

 

 

 

 

2. The distance-time graph for a car on a 

journey. 

 

Without calculation, identify the periods for 

which the car: 

a) Had zero speed 

b) Had lowest (non-zero) speed 

c) Had the highest speed 

 

 

 

 

 

 

 

 

 

 

3. Sketch a distance-time graph on a separate piece of graph paper for a vehicle on the 

following journey: 

a) Sets off for 20 s at high speed 

b) Stops for 20 s 

c) Sets off for 20 s at a speed lower than that in part a 

d) Stops for 20 s 

e) Sets off for 20 s at a speed equal to that in part a   
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Calculating speed from a distance-time graph (non-uniform motion) 

1. Below is a distance-time graph for a motorbike on a journey. Determine: 

a) The speed of the motorbike at: 

i. 10 s 

ii. 20 s 

iii. 40 s 

iv. 60 s 

v. 70 s 

b) Hence describe how the speed of the motorbike changes during the journey 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Sketch a distance-time graph on a separate piece of graph paper for a vehicle on the 

following journey: 

a) Sets off for 20 s at constant speed 

b) Decreases speed for 20 s 

c) Stops for 20 s 

d) Increases speed for 20 s   
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Tutorial 3.3 - Acceleration 

In this tutorial you will look at: 

1. Acceleration 

2. Calculating acceleration 

Learning activities 

Acceleration 

 

1. Below is a distance-time graph for a vehicle travelling in a straight line. For each of the 

following periods, explain whether the vehicle is accelerating: 

a) 0 s to 20 s 

b) 20 s to 30 s 

c) 30 s to 60 s 

d) 60 s to 70 s 

e) 70 s to 100 s 

2. A car is at the starting line of a race. Sketch the distance-time graph on a separate piece 

of graph paper for the following periods: 

a) The car accelerating for the first 20 s of the race to maximum speed 

b) The car cruising at maximum speed for 20 s 

c) The car crossing the finishing line and decelerating for 20 s 

d) The car in a stationary position for 20 s before the engine is turned off 

  

YOU WILL NEED SOME GRAPH PAPER FOR THIS TUTORIAL 
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Calculating acceleration 

PART 1: The Porsche 991 Carrera S is a high-performance sports car. Answer the questions 

below to learn about its performance. Some useful conversions: 

 60 km/h = 16.7 m/s 

 100 km/h = 27.8 m/s 

 120 km/h = 33.3 m/s 

 200 km/h = 55.6 m/s 

 From rest In motion Braking 

Acceleration The Porsche can go from 

0 km/h to 60 km/h in 1.9 

s. What is the average 

acceleration? 

The Porsche can go from 

60 km/h to 120 km/h in 

3.6 s. What is the 

average acceleration? 

The Porsche can go from 

120 km/h to 0 km/h in 2.8 

s. What is the average 

deceleration? 

Timing The Porsche can go from 

0 km/h to 100 km/h with 

an average 

acceleration of 8.7 m/s2. 

How long does this take? 

The Porsche can go from 

100 km/h to 200 km/h 

with an average 

acceleration of 3.2 m/s2. 

How long does this take? 

The Porsche can go from 

200 km/h to 0 km/h with 

an average 

deceleration of 13.3 

m/s2. How long does this 

take? 

Final speed From rest, the Porsche 

accelerates at an 

average 2.4 m/s2 for 10 s. 

What is the final speed? 

From 100 km/h, the 

Porsche accelerates at 

an average 4.3 m/s2 for 3 

s. What is the final 

speed? 

From 100 km/h, the 

Porsche decelerates at 

an average 5 m/s2 for 3 

s. What is the final 

speed? 



 

59 

 

PART 2: The Porsche 991 Carrera S is a high-performance sports car. Answer the questions below to 

learn about its performance. 

 60 km/h = 16.7 m/s 

 100 km/h =27.8 m/s 

 120 km/h = 33.3 m/s 

 200 km/h = 55.6 m/s 

 From rest In motion Braking 

Distance The Porsche can go from 

0 km/h to 60 km/h with an 

average acceleration of 

8.8 m/s2. How far does the 

car travel during this 

period? 

The Porsche can go from 

60 km/h to 120 km/h with 

an average acceleration 

of in 4.6 m/s2. How far 

does the car travel 

during this period? 

The Porsche can go from 

120 km/h to 0 km/h with 

an average deceleration 

of 11.9 m/s. How far does 

the car travel during this 

period? 

Final speed From rest, the Porsche 

accelerates at 8.8 m/s 

over a distance of 50 m. 

What is the final speed of 

the car? 

From 100 km/h, the 

Porsche accelerates at 

3.2 m/s2 over a distance 

of 50 m. What is the final 

speed of the car? 

From 200 km/h, the 

Porsche decelerates at 

13.3 m/s2 over a distance 

of 100 m. What is the final 

speed of the car? 

Initial 

speed 

N/A The Porsche reaches a 

speed of 200 km/h after 

accelerating at 3 m/s2 

over a distance of 100 m. 

What was the original 

speed of the car? 

The Porsche reaches a 

speed of 200 km/h after 

decelerating at 3 m/s2 

over a distance of 100 m.  

What was the original 

speed of the car? 
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Tutorial 3.4 – The Velocity-Time Graph 

In this tutorial you will look at: 

1. The velocity-time graph 

2. Calculating acceleration from a velocity-time graph 

3. Calculating displacement from a velocity-time graph 

Learning activities 

The velocity-time graph 

1. Below is a velocity-time graph for a vehicle on a journey. Describe the motion of the  

vehicle in each minute of the journey. 

a) 0-1 minute: 

b) 1-2 minutes: 

c) 2-3 minutes: 

d) 3-4 minutes: 

e) 4-5 minutes: 

f) 5-6 minutes: 

g) 6-7 minutes: 

2. The table on the next page shows the velocity-time data for a motorbike on a journey. 

On a separate piece of graph paper, plot the velocity-time graph for the motorbike on 

the table and blank graph and describe the motion of the motorbike. 

YOU WILL NEED SOME GRAPH PAPER FOR THIS TUTORIAL 
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Time (min) Velocity (m/s) 

0 0 

1 0 

2 5 

3 5 

4 15 

5 15 

6 10 

7 5 

8 0 

9 -5 

10 -5 

 

Calculating acceleration from a velocity-time graph 

1. Use this velocity-time graph to calculate the acceleration of the vehicle in each 

minute of the journey.  

0-1 minute:  

1-2 minutes:  

2-3 minutes:  

3-4 minutes:  

4-5 minutes:  

5-6 minutes: 

6-7 minutes: 

 

 

 

 

 

2. Using this velocity-time graph on the next page, calculate the acceleration of the vehicle 

at: 

 

a) 1.3 minutes 

b) 2.0 minutes 
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Calculating displacement from a velocity-time graph 

 

1. This velocity-time graph is for a vehicle on a journey. Calculate the distance 

travelled by the vehicle in each minute of the journey. Hence calculate the total distance 

travelled by the vehicle. 

 

 

0-1 minute:  

1-2 minutes:  

2-3 minutes:  

3-4 minutes:  

4-5 minutes:  

5-6 minutes: 

 

 

 

 

 

 

 

 



 

63 

 

 

2. This velocity-time graph is for a 

vehicle on a journey. Estimate the 

total distance travelled by the 

vehicle. Hint: determine the 

distance represented by one 

square and then count the 

number of squares under the 

curve. 

 

 

 

 

 

Module 3 review 

How do you feel now? 

This module aimed to help you with: 

1. The difference between scalar and vector quantities 

2. Analysing motion graphs 

3. Performing calculations relating to acceleration 

Reflection is important because it helps you review and improve the way you approach tasks, 

rather than just carrying on doing things as you have always done them. 

Take a few minutes to think about where you think you did well during the last four tutorials, and 

what you think you could improve on. Write your thoughts in the boxes below. 

What I did well… What I could have improved on… 

  

What I could do differently to make the most of my next tutorials… 
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Knowledge Check 2 

You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. The scale diagram here shows the path taken 

by a car between points A and B. Determine 

the magnitude of the displacement of the car 

from point A. 

a) 6 cm 

b) 6 km 

c) 4.47 km 

d) 8 km  

2. A cheetah travels 75 m in 3 s. Calculate the average speed of the cheetah during this 

period 

a) 25 m/s 

b) 210 m/s 

c) 75 km/hr 

d) 100 m/min  

3. A car travels with a constant speed in a circle at a roundabout. Explain why the velocity of 

the car is constantly changing. 

a) The speed keeps changing 

b) The car keeps to a constant radius 

c) The direction of travel is constantly changing 

d) The driver needs to brake to go round the roundabout 

4. The distance-time graph shown here is for a 

car on a journey. Determine the distance 

travelled by the car between 30 s and 40 s. 

a) 20 m 

b) 10 m 

c) 60 m 

d) 40 m 
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5. Determine the speed of the 

car at 25 s. 

a) 12.5 m/s 

b) 50 m/s 

c) 1.67 m/s 

d) 2.5 m/s 

 

6. Determine the speed of the 

car at 50 s. 

a) 4.5 m/s 

b) 1.8 m/s 

c) 90 m/s 

d) 16 m/s 

 

 

7. A car travels round a roundabout at a constant speed. Explain why the car is accelerating. 

a) The driver is increasing the speed 

b) The direction of travel is constantly changing 

c) The roundabout is pulling the car toward the centre 

d) The driver is being pushed towards the outside of the car 

8. A vehicle is accelerating from 10 m/s to 20 m/s in 5 s. Calculate the acceleration of the 

vehicle. 

a) 10 m/s 

b) 20 m/s 

c) 2 m/s 

d) 4 m/s  

9. A vehicle accelerates from 15 m/s to 20 m/s. During this period of acceleration, the vehicle 

covers a distance of 50 m. Calculate the acceleration of the vehicle. 

a) 1.75 m/s2 

b) 0.1 m/s2 

c) 0.8 m/s2 

d) 10 m/s2 

10. The velocity-time graph for a car on journey is shown here. For how long during the journey 

is the car stationary? 

a) 25 s 

b) 10 s 

c) 5 s 

d) 0 s 
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11. Determine the acceleration of the car at 7.5 s 

a) 1 m/s2 

b) 0.4 m/s2 

c) 1.5 m/s2 

d) 5 m/s2 

12. Determine the displacement of the car between 0 s and 10 s 

a) 2 m 

b) 5 m 

c) 10 m 

d) 20 m 
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Module 4 - Force 

In this module you’ll look at diagrams, resolving forces and understanding Hooke’s law. 

Tutorial Topic 

Tutorial 4.1 Forces 

Tutorial 4.2 Resultant forces 

Tutorial 4.3 Resolution of forces 

Tutorial 4.4 Force and elasticity 

Learning objectives 

In this module you will look at: 

1. Drawing and understanding free body diagrams 

2. Resolving forces 

3. Understanding Hooke’s law  

Knowledge Check 1 

You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. Select which diagram below could represent an object experiencing a 2 N vertical force 

upwards and a 3 N horizontal force towards the right. 

a) A 

b) B 

c) C 

d) D  
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2. A block is pulled by a string towards 

the right across a surface. The free 

body diagram shows the forces 

acting on the block. Which diagram 

labels the forces correctly? 

a) A 

b) B 

c) C 

d) D  

 

 

 

3. Calculate the weight of an object of mass 5 kg on Earth. The gravitational field strength is 

10 N/kg 

a) 5 N 

b) 10 N 

c) 15 N 

d) 50 N  

4. The free body diagram shown below shows the forces acing on an object. State the 

magnitude and direction of the resultant force on the body. 

a) 7 N to the left 

b) 3 N to the right 

c) 7 N to the right 

d) 3 N to the left 

5. These vector diagram below shows the forces acting on an object. Which red arrow 

correctly shows the resulting forces on the body? 

a) A 

b) B 

c) C 

d) D  
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6. The vector diagram below shows the forces acting on an object. Which red arrow correctly 

shows the resultant force acting on the body. 

a) A 

b) B 

c) C 

d) D  

 

 

 

 

 

 

 

7. The vector diagram below shows a force acting on an object. Resolve the force into its 

vertical and horizontal components. Select the diagram that correctly shows these 

components. 

a) A 

b) B 

c) C 

d) D 

 

 

 

 

 

 

 

 

 

 

 

8. The free-body diagram on the next page shows the forces acting on a block sitting at rest 

on a ramp. Select the diagram with the correctly named forces acting on the block. 

a) A 

b) B 

c) C 

d) D  
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9. The vector diagram shows the weight of a block on a ramp. Resolve the weight into 

components that are parallel and perpendicular to the ramp. Select from the diagrams 

below which shows the resolved components correctly. 

a) A 

b) B 

c) C 

d) D 
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10. The figure shows a spring before (left) and after (right) it has been extended. Determine the 

extension of the spring.  

a) 25 mm 

b) 15 mm 

c) 25 cm 

d) 15 cm 

 

 

 

 

 

 

 

11. Which statement correctly and fully describes Hooke’s Law? 

a) The extension of an elastic object, such as a spring, is directly proportional to the 

force applied, provided that the limit of proportionality is not exceeded. 

b) A spring will stretch if a weight is applied to one end. 

c) A spring will be stretched only if it is held vertically and a large weight in attached to 

one end. 

d) A heavy weight applied to a spring held vertically does not influence the amount of 

extension in the spring. 

 

12. A force of 50 N is applied to a spring of stiffness 1000 N/m. Calculate the extension of the 

spring. 

a) 20 m 

b) 5 cm 

c) 20 cm 

d) 50,000 m 

 

 

  



 

72 

 

Tutorial 4.1 - Forces 

In this tutorial you will look at: 

1. Free body diagrams 

2. Examples of forces 

3. Weight 

Learning activities 

Free body diagrams 

1. Describe the forces acting on the object in each free body diagram. 

 

2. On a separate piece of paper, draw a free body diagram to scale for the following 

situations: 

a) A 5 N force acting vertically upward on a body, and a 10 N force acting vertically 

downward. 

b) A 7 kN force acting horizontally to the left on a body, and a 9 kN force acting horizontally 

to the right. 

c) A 6 N force acting leftward on a body at 30 degrees to the horizontal, and a 3 N force 

acting vertically upward.   

 

YOU WILL NEED SOME EXTRA PAPER FOR THIS TUTORIAL 
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Examples of force 

1. Describe situations in which the following forces are present: 

 

a) Friction 

b) Air resistance 

c) Water resistance 

d) Tension 

e) Upthrust 

f) Lift 

g) Normal contact force 

h) Gravitational force (weight) 

i) Electrostatic force 

j) Magnetic force 

 

2. A mass is suspended from a wire. The weight of the mass is 10 N. The tension force exerted 

on the mass due to the wire is 10 N. On a separate piece of paper, draw a free body 

diagram to scale representing this situation. Label the forces. 

3. A car moves along a road. The weight of the car is 10 kN and the normal contact force on 

the car due to the road is 10 kN. The forward force on the car is 1 kN and the resistive forces 

on the car sum to 0.5 kN. On a separate piece of paper, draw a free body diagram to 

scale representing this situation. Label the forces. 

4. A toy boat moves along the surface of a lake. The weight of the boat is 5 N and the 

upthrust is 5 N. The thrust on the boat 2 N and the drag is 1 N. On a separate piece of 

paper, draw a free body diagram to scale representing this situation. Label the forces. 

 

Weight 

1. Complete the table for a 70 kg astronaut on each planet in the Solar System. 

 

  

Planet g (N/kg) Mass (kg) Weight (N) 

Mercury 3.7   

Venus 8.8   

Earth 9.8   

Mars 3.7   

Jupiter 24.7   

Saturn 10.5   

Uranus 9.0   

Neptune 11.7   
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2. Calculate the weight of the following objects on Earth: 

 

a) A particle of baking powder of mass 2 μg 

b) An ant of mass 3 mg 

c) An apple of mass 100 g 

d) A box of mass 5 kg 

e) A car of mass 1 x 103 kg 

3. Calculate the mass of the following objects: 

 

a) A boulder on Mars that weighs 2000 N 

b) A lorry on Earth that weighs 5000 N 

c) A boulder on Venus that weighs 1000 N  
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Tutorial 4.2 – Resultant forces 

In this tutorial you will look at: 

1. Finding resultant force for forces acting along a line 

2. Finding resultant force for forces acting at right angles 

3. Finding resultant force for forces at an angle to each other 

Learning Activities 

Finding resultant force for forces acting along a line 

1. Determine the resultant force in each case: 

 

 

 

 

 

 

 

 

 

 

2. A sky diver jumps out of a plane. The weight of the skydiver is 700 N. The air resistance 

acting on the skydiver is 200 N. 

 

a) On a separate piece of paper, draw a free body diagram for the skydiver. 

b) Determine the resultant force on the skydiver. 

c) Draw a free body diagram showing the resultant force on the skydiver. 

3. A car is driving along a road. The weight of the car is 2 kN. The normal contact force on the 

car is 2 kN. The resistive forces acting on the car are 0.1 kN. The forward force on the car is 

0.2 kN.  

a) On a separate piece of paper, draw a free body diagram for the car. 

b) Determine the resultant force on the car. 

c) Draw a free body diagram showing the resultant force on the car. 

 

YOU WILL NEED SOME EXTRA PAPER FOR THIS TUTORIAL 
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Finding resultant force for forces acting at right angles 

1. A boat is pulled by two tugboats. The forces applied by the tugboats are shown in 

the vector diagram below. Determine the resultant force on the boat. 

 

2. A swimmer crosses a river. The forward force on the swimmer and the force due to the 

current is shown in the vector diagram. Determine the resultant force on the swimmer. 
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3. An aircraft flies eastward and encounters a northward wind. The forward force on the 

aircraft is 10 kN. The wind exerts a force of 5 kN on the aircraft. Draw a vector diagram for 

this situation and determine the resultant force on the aircraft. 

 

Finding resultant force for forces at an angle to each other 

1. A boat is pulled by two tugboats. The forces applied by the tugboats are shown in 

the vector diagram below. Determine the resultant force on the boat. 
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2. An aircraft is heading south and experiences a wind toward the southwest. The forces are 

shown in the vector diagram. Determine the resultant force on the aircraft. 

 

 

 

3. A child pulls a toy along the floor by a string. The tension in the string and the friction 

between the toy and the floor are shown in the vector diagram. Determine the resultant 

force on the toy.   
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Tutorial 4.3 – Resolution of forces 

In this tutorial you will look at: 

1. Resolving a force into components 

2. Forces on an inclined plane 

3. Resolution of weight on an inclined plane 

Learning activities 

Resolving a force into components 

1. A child pulls a toy across the floor by a string. The diagram shows the tension force in 

the string. Resolve the force into its horizontal and vertical components and identify the 

magnitude of each component. 

2. A farmer applies a force with his foot to a spade, as represented by the vector diagram 

below. Resolve the force into horizontal and vertical components and identify the magnitudes 

of the components. 
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3. Two forces act on a body, as shown in the vector diagram.  

 

a) Resolve Force B into horizontal and vertical components.  

b) Hence, find the resultant force on the body due to Force A and the components of 

Force B. 

c) Confirm that the same resultant force is obtained by using the ‘parallelogram of forces’ 

approach 

 

Forces on an inclined plane 

1. A skier is on a slope. The forces on the skier are shown in the vector diagram. Label 

the forces and use the scale to determine the magnitude of each.   
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2. A vehicle drives up a ramp. The forces on the vehicle are shown in the vector diagram. 

Label the forces and determine the magnitude of each. 

 

3. A box slides down a ramp.  

 

• The weight of the box is 40 N 

• The normal contact force on the box has a horizontal component of 20 N and a vertical 

component of 20 N 

• The friction acting on the box has a horizontal component of 10 N and a vertical 

component of 10 N 

 

Draw a vector diagram here to represent this situation and label the forces.  
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Resolution of weight on an inclined plane 

1. The diagram shows the weight of three bodies on three different inclined planes. For 

each body, draw the parallel and perpendicular components of weight, and determine 

their magnitudes.  

 

 

 

 

 

2. A box is placed on a ramp. The vector diagram shows the weight of the box, along with 

the normal contact force and friction experienced by the box. The box will slide down the 

ramp if the component of its weight parallel to the ramp is greater than the friction 

between the ramp and the box. Will the box slide down the ramp? 
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Tutorial 4.4 – Force and elasticity 

In this tutorial you will look at: 

1. Elasticity 

2. Hooke’s Law 

3. Equation for Hooke’s Law 

Learning activities 

Elasticity 

1. Some objects are elastic, and others are inelastic. 

a) Suggest examples of elastic and inelastic objects 

 

a) Suggest how you can test whether an object is elastic or inelastic 

 

2. In the questions below, assume the gravitational field strength of the Earth is 10 N/kg. 

a) A mass of 500 g is added to a hanging spring, causing the spring to extend. After the 

system reaches equilibrium, the resultant force on the mass is 0 N. On a separate 

piece of paper, draw a free body diagram for the mass, to scale, showing the forces 

acting on the mass.  

b) A mass of 700 g is added to a standing spring, causing the spring to compress. After 

the system reaches equilibrium, the resultant force on the mass is 0 N. On a separate 

piece of paper, draw a free body diagram for the mass, to scale, showing the forces 

acting on the mass. 

 

3. The diagrams on the next page show a setup for measuring the extension of a spring. Use 

the diagram to determine: 

a) The natural length of the spring 

b) The extension of the spring 

c) The new length of the spring after extension  

 

 

 

 

 

YOU WILL NEED SOME EXTRA PAPER FOR THIS TUTORIAL 
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6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. A student experiments with different springs by adding the same mass to each and 

measuring their extension. Complete the table and rank the springs in order of stiffness 

(from least to most stiff): 

Spring Natural length (m) Extension (m) New length (m) 

A 0.10 0.01  

B 0.10  0.15 

C  0.02 0.12 

 

Hooke’s Law 

 

 

 
6 Image adapted from https://commons.wikimedia.org/wiki/File:Stiffness_of_a_coil_spring.png 

The extension of an elastic object, such as a spring, is directly proportional to the force applied, 

provided that the limit of proportionality is not exceeded. 

https://commons.wikimedia.org/wiki/File:Stiffness_of_a_coil_spring.png
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1. In the graph below of extension versus force: 

a) Estimate the range of forces for which the extension of the spring is directly 

proportional to force applied. Explain your answer. 

 

 

b) Estimate the extension at which the limit of proportionality is reached. Explain your 

answer. 

 

 

c) Describe the relationship between extension and force applied after the limit of 

proportionality is exceeded. 

 

 

2. In the graph of extension versus force above: 

a) What is the extension of the spring when a force of 3 N is applied? 

 

 

b) The natural length of the spring is 15 cm. What is the new length of the spring under 

a force of 4 N? 

 

 

c) What force needs to be applied to make the spring 18 cm long? 
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3. A student collected data for two springs, as shown in the table below. Plot the data and 

determine which spring is stiffer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Equation for Hooke’s Law 

1. A student investigates a spring with spring constant 750 N/m. 

a) Calculate the force required to extend the spring by 5 cm. 

 

 

b) Calculate the extension of the spring when the force applied is 50 N. 

 

 

c) The students applies a force of 10 N to another spring, which causes an extension of 

1 cm. Calculate the spring constant for this spring and compare the stiffness of the 

two springs. 

 

 

 

 Extension (m) 

Force (m) Spring A Spring B 

0 0.000 0.000 

1 0.010 0.005 

2 0.020 0.010 

3 0.030 0.015 

4 0.040 0.020 

5 0.050 0.025 

6 0.060 0.030 

7 0.070 0.035 

8 0.080 0.040 

9 0.090 0.045 

10 0.100 0.050 
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2. A student varies the extension of a spring by pulling on the spring with a newton meter. The 

student measures the force applied by the spring for each extension. The data collected 

by the student is shown on the graph below. By measure the gradient at a suitable place 

on the graph, determine the spring constant of the spring.  

 

3. A student investigated two springs. The data collected by the student is plotted on the 

graph. Determine the spring constant for each spring. Compare the stiffness of the springs.  
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Module 4 review 

How do you feel now? 

This module aimed to help you with: 

1. Drawing and understanding free body diagrams 

2. Resolving forces 

3. Understanding Hooke’s law  

Reflection is important because it helps you review and improve the way you approach tasks, 

rather than just carrying on doing things as you have always done them. 

Take a few minutes to think about where you think you did well during the last four tutorials, and 

what you think you could improve on. Write your thoughts in the boxes below. 

What I did well… What I could have improved on… 

  

What I could do differently to make the most of my next tutorials… 

 

Knowledge Check 2 

You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. Select which diagram below could represent an object experiencing a 2 N vertical force 

upwards and a 3 N horizontal force towards the right. 

a) A 

b) B 

c) C 

d) D  
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2. A block is pulled by a string towards the right across a surface. The free body diagram 

shows the forces acting on the block. Which diagram labels the forces correctly? 

a) A 

b) B 

c) C 

d) D  

 

 

 

 

 

 

3. Calculate the weight of an object of mass 5 kg on Earth. The gravitational field strength is 

10 N/kg 

a) 5 N 

b) 10 N 

c) 15 N 

d) 50 N  

 

4. The free body diagram shown below shows the forces acing on an object. State the 

magnitude and direction of the resultant force on the body. 

a) 7 N to the left 

b) 3 N to the right 

c) 7 N to the right 

d) 3 N to the left 

5. These vector diagram here 

shows the forces acting on an 

object. Which red arrow 

correctly shows the resulting 

forces on the body? 

a) A 

b) B 

c) C 

d) D  
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6. The vector diagram here shows 

the forces acting on an object. 

Which red arrow correctly 

shows the resultant force 

acting on the body. 

a) A 

b) B 

c) C 

d) D  

 

 

 

7. The vector diagram here shows 

a force acting on an object. 

Resolve the force into its vertical 

and horizontal components. 

Select the diagram that 

correctly shows these 

components. 

a) A 

b) B 

c) C 

d) D 

 

 

8. The free-body diagram below 

shows the forces acting on a 

block sitting 

at rest on a ramp. 

Select the diagram 

with the correctly 

named forces acting on 

the block. 

a) A 

b) B 

c) C 

d) D  
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9. The vector diagram shows the weight of a block on a ramp. Resolve the weight into 

components that are parallel and perpendicular to the ramp. Select from the diagrams 

below which shows the resolved components correctly. 

a) A 

b) B 

c) C 

d) D 

 

 

 

 

 

 

 

 

 

 

10. The figure shows a spring before (left) and after (right) it has been extended. Determine the 

extension of the spring.  

a) 25 mm 

b) 15 mm 

c) 25 cm 

d) 15 cm 

 

 

 

 

 

 

 

11. Which statement correctly and fully describes Hooke’s Law? 

a) The extension of an elastic object, such as a spring, is directly proportional to the 

force applied, provided that the limit of proportionality is not exceeded. 

b) A spring will stretch if a weight is applied to one end. 
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c) A spring will be stretched only if it is held vertically and a large weight in attached to 

one end. 

d) A heavy weight applied to a spring held vertically does not influence the amount of 

extension in the spring. 

 

12. A force of 50 N is applied to a spring of stiffness 1000 N/m. Calculate the extension of the 

spring. 

a) 20 m 

b) 5 cm 

c) 20 cm 

d) 50,000 m 
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Module 5 – Forces and motion 

In this module you’ll look at Newton’s laws of motion and terminal velocity. 

Tutorial Topic 

Tutorial 5.1 Newton’s first law of motion 

Tutorial 5.2 Newton’s second and third laws of motion 

Tutorial 5.3 Terminal velocity 

Tutorial 5.4 Force and motion on the road 

Learning objectives 

In this module you will look at: 

1. Understanding Newton’s laws of motion 

2. Applying Newton’s laws of motion 

3. Understanding terminal velocity 

Knowledge Check 1 

You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. A book sits at rest on a table. 

Which diagram below is the 

correct the free-body diagram 

for the book? 

a) A 

b) B 

c) C 

d) D 
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2. A skydiver is falling at a 

constant velocity. Select the 

correct free-body diagram 

for the skydiver. 

a) A 

b) B 

c) C 

d) D 

 

 

 

 

 

3. A car goes on the following journey: 

• Stage 1: The car is parked, stationary, on a flat road. 

• Stage 2: The car pulls away, accelerating 

• Stage 3: The car travels at a constant velocity down the road 

Which description below correctly specifies how the resultant force on the car changes 

during the journey? 

a) The weight of the car acts downwards, and the normal contact force acts upwards. 

The engine makes the wheel rotate, applying a friction force on the road, so the car 

accelerates. The engine provides exactly enough force to overcome friction and air 

resistance, therefore the car travels at a constant speed. 

b) The weight of the car acts downwards, and the normal contact force acts upwards. 

The friction force on the tyres prevents car from moving. The engine makes the 

wheel rotate, applying a friction force on the road, so the car accelerates. The 

engine provides exactly enough force to overcome friction and air resistance, 

therefore the car travels at a constant speed. 

c) The engine makes the wheel rotate, applying a friction force on the road, so the car 

accelerates. The driver applies the brakes, making the car travel at a constant 

speed. 

d) The weight of the car acts downwards, and the normal contact force acts upwards. 

The engine makes the wheel rotate, applying a friction force on the road, so the car 

accelerates. The driver applies the brakes, making the car travel at a constant 

speed. 

4. An object is accelerating. The resultant force acting on the object doubles. The mass of the 

object remains the same. Which of the following describes what happens to the 

acceleration? 

a) The acceleration is unchanged 

b) The acceleration halves 

c) The acceleration doubles 

d) The acceleration quadruples 
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5. A resultant force of 10 N acts on an object of mass 2 kg. Calculate the acceleration of the 

object. 

a) 20 m/s2 

b) 5 m/s2 

c) 0.2 m/s2 

d) 0.5 m/s2 

6. The propeller of a boat exerts a force of 50 N on a volume of water, in a leftward direction. 

Describe the force exerted by the water on the propeller. 

a) A thrust of 50 N to the left 

b) A thrust of 50 N to the right 

c) Zero 

d) 100 N to the right 

7. A skydiver jumps out of a plane. Describe how the acceleration of the skydiver changes as 

the skydiver approaches terminal velocity. 

a) The skydiver accelerates at a constant rate until reaching terminal velocity 

b) The rate of acceleration increases until terminal velocity is reached 

c) The rate of acceleration decreases as the difference between the air resistance and 

the constant gravitational force on the skydiver diminishes with increasing speed. 

d) The rate of acceleration increases as the difference between the air resistance and 

the constant gravitational force on the skydiver diminishes with increasing speed. 

 

8. The velocity-time graph is for a 

skydiver after jumping out of a 

plane. Determine the terminal 

velocity of the skydiver. 

a) 13 s 

b) 40 m/s 

c) 8 m/s2 

d) 53 m/s 

 

 

 

9. The black arrow in the vector diagram is for the horizontal forces acting on a submarine 

that is moving at terminal velocity. Which red arrow represents the thrust of the submarine? 

 

a) A 

b) B 

c) C 

d) D 
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10. The following three questions are about a driver in a car who sees an object in the road 

and performs an emergency stop. The car is initially moving at 12 m/s. The reaction time of 

the driver is 0.3 s. Calculate the thinking distance for the emergency stop. 

a) 4 m 

b) 3.6 m 

c) 36 m 

d) 4.8 m 

11. The car decelerates at 6 m/s2. Use the equation v2 – u2 = 2as to calculate the braking 

distance for the emergency stop. 

a) 3 m 

b) 6 m 

c) 24 m 

d) 12 m 

12. Calculate the stopping distance for the emergency stop. 

a) 15.6 m 

b) 9.6 m 

c) 60 m 

d) 42 m 
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Tutorial 5.1 – Newton’s first law of motion 

In this tutorial you will look at: 

1. Newton’s first law applied to stationary objects. 

2. Newton’s first law applied to objects in motion. 

3. Summary of Newton’s first law 

Newton’s First Law: An object remains in the same state of motion unless acted upon by an 

external resultant force. If the resultant force on an object is zero, this means: 

 a stationary object remains stationary 

 a moving object continues to move at the same velocity (at the same speed and in 

the same direction) 

Learning activities 

Newton’s first law applied to stationary objects 

1. A toy sits at rest on the floor. 

 

a) A child applies a force to the toy. 

The free body diagram for the toy 

is shown. Discuss the motion of 

the toy in terms of Newton’s first 

law. 

 

 

 

 

 

b) The child applies a greater force 

to the toy. The free body diagram 

for the toy is shown. Discuss the 

motion of the toy in terms of 

Newton’s first law. 

 

 

 

 

YOU WILL NEED SOME EXTRA PAPER FOR THIS TUTORIAL 
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2. A helicopter takes off from a helipad and hovers in a fixed position above the helipad. The 

forces acting on the helicopter are weight and lift in the vertical direction. Sketch a free 

body diagram on a separate piece of paper for the helicopter that would allow it to: 

a) Continue hovering in a fixed position. 

b) Move vertically upward from its fixed position. 

c) Move vertically downward from its fixed position. 

 

Newton’s first law applied to objects in motion 

1. A cyclist travels along a road. 

 

a) The free body diagram for cyclist is shown. Discuss the motion of the cyclist in terms 

of Newton’s first law. 

 

 

 

 

 

 

 

 

 

b) The cyclist pedals at a greater rate. The free body diagram for the cyclist is shown. 

Discuss the motion of the cyclist in terms of Newton’s first law. 
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2. A submarine is cruising underwater. The forces acting on the submarine are thrust and 

water resistance in the horizontal direction, and weight and upthrust in the vertical 

direction. Sketch free body diagrams below or on a separate piece of paper that would 

allow the submarine to: 

a) maintain a constant velocity 

b) increase speed in the forward direction 

c) move to a lower depth 
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Summary of Newton’s first law 

1. Consider the following journey for helicopter: 

a) the helicopter hovers in a fixed position (stationary) 

b) the helicopter then increases it velocity upward 

c) the helicopter then continues upward at a constant velocity 

d) the helicopter then decreases its velocity to zero 

e) the helicopter hovers in a fixed position (stationary) 

Throughout the journey, the only forces acting on the helicopter are weight and lift. Complete the 

table for the journey: 

Situation Free body diagram Resultant force Motion 

1 

   

2 

 

 

  

3 

 

 

 

  

4 

 

 

 

  

5 
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2. Consider the following journey for a boat: 

 

a) the boat floats in a fixed position (stationary) 

b) the boat then increases its velocity forward 

c) the boat then continues forward at a constant velocity 

d) the boat then decreases its velocity to zero 

e) the boat then floats in a fixed position (stationary) 

Throughout the journey the vertical forces on the boat (weight and upthrust) are balanced and 

cancel each other out. These forces do not need to be shown here. Consider the horizontal forces 

on the boat: 

Situation Free body diagram Resultant force Motion 

1 

   

2 

 

 

  

3 

 

 

 

  

4 

 

 

 

  

5 
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Tutorial 5.2 – Newton’s second and third laws of motion 

In this tutorial you will look at: 

1. Newton’s second law of motion 

2. Calculations with Newton’s second law 

3. Newton’s third law of motion 

Newton’s Second Law: The acceleration of an object is proportional to the resultant force acting 

on the object, and inversely proportional to the mass of the object. 

 

Newton’s Third Law: Whenever two objects interact, the forces they exert on each other are 

equal in magnitude and opposite in direction. 

Learning activities 

Newton’s second law of motion 

1. The free body diagrams show the forces acting on objects of the same mass. Rank 

the objects by their magnitude of acceleration, from highest to lowest. 

 

 

 

 

 
 

2. When the resultant force on a car is 1 kN, its acceleration is 2 m/s2. Suggest what the 

acceleration of the car will be when the resultant force acting on it is 3 kN. 

 

 

3. The same resultant force is applied to each of the following masses. Rank the objects by 

their magnitude of acceleration, from highest to lowest. 

a) 500 g ball 

b) 0.2 kg ball 

c) 1.5 kg ball 

d) 750 g ball 

4. A spacecraft is in outer space and has no weight. The spacecraft has a mass 6 x 103 kg and 

accelerates at 20 m/s2 under a resultant force. During the spacecraft’s flight, the resultant 

force remains constant, but the spacecraft loses mass as it burns fuel. Suggest what the 

acceleration of the spacecraft will be when its mass is 3 x 103 kg. 
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Calculations with Newton’s second law 

1. The diagrams below show the forces acting on different masses. Rank the masses by 

the magnitude of their acceleration, from highest to lowest. 

 

 

 

 
 

2. This question is about the Saturn V rocket, which took astronauts to the moon in the 1960s 

and 70s. 

a) Fully fuelled for launch, the Saturn V had a mass of 2.8 x106 kg. At launch, the rocket 

accelerated at 2.5 m/s2. Calculate the resultant force on the rocket. 

 

 

b) Draw a free body diagram for the rocket at launch. The weight of the rocket is given 

by the equation W=mg (see lesson 1). Hence use the free body diagram to 

determine the trust generated by the rocket. 

 

 

c) 135 seconds into the flight, the rocket had burned fuel and lost mass. The resultant 

force on the rocket at this point was 25.8 MN and the acceleration was 29.4 m/s2. 

Calculate the mass lost by the rocket. 

3. The tendency of objects to continue in their state of rest or of uniform motion is called 

inertia. 

a) Suggest why Newton’s first law of motion is sometimes referred to as the law of 

inertia. 

 

 

b) Inertial mass is a measure of how difficult it is to change the velocity of an object. 

With reference to Newton’s second law, give the equation for inertial mass. 
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Newton’s third law of motion 

1. Complete the table: 

Situation Sketch of two objects, with forces labelled 

A person sits on the floor. The person 

exerts a contact force of 50 N on the floor 

(this force is equal to their weight). What 

force does the floor exert on the person? 

 

During motion, a car tyre pushes the road 

backward with a contact force of 0.5 kN. 

What force does the road exert on the 

tyre?  

 

 

The Earth exerts a gravitational force of 2 

x 1020 N on the Moon. What force does 

the Moon exert on the Earth? 

 

 

2. A boat propeller pushes water backwards. 

a) With reference to Newton’s third law, explain how this leads to the boat moving 

forward. 

 

 

b) Compare the role of the boat propeller to: 

i. A helicopter’s rotors 

ii. An aircraft’s jet engines 

iii. A rocket’s engines 
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3. Two ice skaters of masses 60 kg and 80 kg push apart on the ice (see image7). The 80 kg 

skater applies a contact force of 50 N on the 60 kg skater as they push apart.  

a) With reference to Newton’s third law, add labelled forces to the diagram 

b) With reference to Newton’s second law, determine the acceleration of each skater 

as they push apart. Assume friction between the skaters and the ice is negligible.  

 

 

 

 

 

 

  

 
7 Image credit: https://commons.wikimedia.org/wiki/File:Skaters_showing_newtons_third_law.svg 

https://commons.wikimedia.org/wiki/File:Skaters_showing_newtons_third_law.svg
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Tutorial 5.3 – Terminal velocity 

In this tutorial you will look at: 

1. Reaching terminal velocity 

2. Graphs involving terminal velocity 

3. Examples of objects reaching terminal velocity 

Learning activities 

Reaching terminal velocity 

1. Complete the table below to calculate the resultant force and acceleration of a 

skydiver of mass 70 kg, at each stage of their descent. 

Stage Free body diagram Resultant force (N) Acceleration (m/s2) 

1 

 

  

2 

 

  

3 
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4 

 

  

2. Explain the motion of the skydiver at each stage in the example above in terms of 

Newton’s laws of motion. 

 

 

 

 

 

 

 

3. Suggest how the motion of the skydiver would have differed if: 

 

a) The skydiver had the same cross-sectional area, but had a smaller mass 

 

 

 

b) The skydiver jumped from a plane at a higher altitude, where air is less dense  

 

 

 

c) The skydiver was wearing a wingsuit (as shown in the image)8  

 

 

 

 

 

 

 

 

 
8 Image credit: https://commons.wikimedia.org/wiki/File:Wingsuit_Flying_in_Massachusetts_(6367634713).jpg 
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Graphs involving terminal velocity 

1. Use the velocity-time 

graph to complete the 

table below. 

 

 

Time (s) Distance fallen (m) Velocity (m/s) Acceleration (m/s2) 

0    

3    

6    

9    

12    

15    

2. Using the graph and table, estimate: 

a) the terminal velocity of the skydiver 

 

b) the time at which terminal velocity is reached after jumping from the plane 

 

 

 

c) the distance travelled when terminal velocity is reached 

 

d) the acceleration at terminal velocity 
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3. This graph shows a skydiver who reaches terminal velocity before opening their parachute. 

Following the opening of the parachute until the terminal velocity is reached, describe 

changes in: 

a) the resultant force on the skydiver 

 

b) the acceleration of the skydiver 

 

 

c) the velocity of the skydiver 

 

 

 

Examples of objects reaching terminal velocity 

1. Complete the table on the next page for a car accelerating to terminal velocity. 

(Refer to the table in the example at the beginning of this tutorial for assistance) 
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Stage Free body diagram Resultant force Acceleration 

1  

 

 

  

2  

 

 

  

3  

 

 

  

4  

 

 

  

2. Complete the table below for a ball bearing falling in oil and reaching terminal velocity. 

Stage Free body diagram Resultant force Acceleration 

1  

 

 

  

2  
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3  

 

 

  

4  

 

 

  

3. In an experiment, identical ball bearings A and B are dropped into oils of different density. 

Determine the terminal velocity of each ball bearing using the distance-time graph and 

explain which ball bearing was dropped into the denser oil. 
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Tutorial 5.4 – Force and motion on the road 

In this tutorial you will look at: 

1. Thinking distance 

2. Braking distance 

3. Stopping distance 

Learning activities 

Thinking distance 

1. The table shows the reaction time of a driver under three conditions. Calculate the 

thinking distance for each condition if: 

 

a) the car is moving at 10 m/s 

 

 

b) the car is moving at 20 m/s 

 

 

 

Condition Reaction time (s) 

Completely alert 0.7 

Using hands-free mobile phone 0.9 

Very tired 1.1 

2. The graph on the next page shows the relationship between thinking distance and speed 

for an alert driver. 

a) Explain how the graph shows that thinking distance is proportional to speed. 

 

 

b) Determine the reaction time for this driver 
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c) Draw a new line on the graph to show how thinking distance changes with speed 

for a driver that has been drinking alcohol. 

 

Braking distance 

1. A driver applies the brakes while travelling at 20 m/s in a car. The car decelerates at 

a constant rate and stops. The mass of the car and driver is 1600 kg. The braking force 

used to stop the car was 8000 N.  

a) Calculate the deceleration of the car. 

 

 

b) Calculate the braking distance of the car. 

 

 

2. A car of mass 1200 kg is travelling with a velocity of 35 m / s. The car decelerates at a 

constant rate and stops in 5 seconds.  

a) Calculate the braking force acting on the car. (Hint: use the equation a = (v-u)/t ) 

 

 

b) Calculate the braking distance of the car. 

 

 

3. The graph shows the relationship between braking distance and initial velocity, for a car of 

mass 1000 kg under a braking force of 5000 N. 

a) What happens to the braking distance if the initial velocity is doubled? 
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b) Worn brakes reduce the braking force and hence the deceleration of a vehicle. 

Draw a new line on the graph to show how braking distance changes with initial 

velocity for a vehicle with worn brakes. 

 

Stopping distance 

1. A car of mass 1000 kg is travelling at 10 m/s and performs an emergency stop. The 

reaction time of the alert driver is 0.8 s. The braking force applied is 5 kN. The chart 

depicts the thinking distance, braking distance and stopping distance for the car. Add 

arrows to the chart on the next page to depict the same situation but with one condition 

changed: 

 

a) If the mass of the vehicle was 1250 kg. 

b) If the initial speed of the car was 15 m/s.  

c) If the driver was tired and had a reaction time of 1.4 s. 

d) If the road was icy and the braking force was 2 kN. 

 

2. The graph on the next page shows how the velocity of a 1500 kg car changes from the 

moment the driver sees an obstruction blocking the road. The driver performs an 

emergency stop. Determine: 

 

a) The driver’s reaction time 

b) The ‘thinking distance’ 

c) The deceleration of the car 
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d) The braking force applied 

e) The ‘braking distance’ 

f) The stopping distances 

 

 

3. Draw a new line on the graph here for the 

same car and driver but showing the what 

the velocity-time curve might look like if 

the tyres were worn. 
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Module 5 review 

How do you feel now? 

This module aimed to help you with: 

1. Understanding Newton’s laws of motion 

2. Applying Newton’s laws of motion 

3. Understanding terminal velocity 

Reflection is important because it helps you review and improve the way you approach tasks, 

rather than just carrying on doing things as you have always done them. 

Take a few minutes to think about where you think you did well during the last four tutorials, and 

what you think you could improve on. Write your thoughts in the boxes below. 

What I did well… What I could have improved on… 

  

What I could do differently to make the most of my next tutorials… 
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Knowledge Check 2 

You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. A book sits at rest on a table. 

Which diagram here is the 

correct the free-body diagram 

for the book? 

a) A 

b) B 

c) C 

d) D 

 

 

 

 

 

2. A skydiver is falling at a 

constant velocity. Select the 

correct free-body diagram 

for the skydiver. 

a) A 

b) B 

c) C 

d) D 

 

 

 

 

 

3. A car goes on the following journey: 

• Stage 1: The car is parked, stationary, on a flat road. 

• Stage 2: The car pulls away, accelerating 

• Stage 3: The car travels at a constant velocity down the road 

 

Which description below correctly specifies how the resultant force on the car changes 

during the journey? 

a) The weight of the car acts downwards, and the normal contact force acts upwards. 

The engine makes the wheel rotate, applying a friction force on the road, so the car 
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accelerates. The engine provides exactly enough force to overcome friction and air 

resistance, therefore the car travels at a constant speed. 

b) The weight of the car acts downwards, and the normal contact force acts upwards. 

The friction force on the tyres prevents car from moving. The engine makes the 

wheel rotate, applying a friction force on the road, so the car accelerates. The 

engine provides exactly enough force to overcome friction and air resistance, 

therefore the car travels at a constant speed. 

c) The engine makes the wheel rotate, applying a friction force on the road, so the car 

accelerates. The driver applies the brakes, making the car travel at a constant 

speed. 

d) The weight of the car acts downwards, and the normal contact force acts upwards. 

The engine makes the wheel rotate, applying a friction force on the road, so the car 

accelerates. The driver applies the brakes, making the car travel at a constant 

speed. 

4. An object is accelerating. The resultant force acting on the object doubles. The mass of the 

object remains the same. Which of the following describes what happens to the 

acceleration? 

a) The acceleration is unchanged 

b) The acceleration halves 

c) The acceleration doubles 

d) The acceleration quadruples 

5. A resultant force of 10 N acts on an object of mass 2 kg. Calculate the acceleration of the 

object. 

a) 20 m/s2 

b) 5 m/s2 

c) 0.2 m/s2 

d) 0.5 m/s2 

6. The propeller of a boat exerts a force of 50 N on a volume of water, in a leftward direction. 

Describe the force exerted by the water on the propeller. 

a) A thrust of 50 N to the left 

b) A thrust of 50 N to the right 

c) Zero 

d) 100 N to the right 

7. A skydiver jumps out of a plane. Describe how the acceleration of the skydiver changes as 

the skydiver approaches terminal velocity. 

a) The skydiver accelerates at a constant rate until reaching terminal velocity 

b) The rate of acceleration increases until terminal velocity is reached 

c) The rate of acceleration decreases as the difference between the air resistance and 

the constant gravitational force on the skydiver diminishes with increasing speed. 

d) The rate of acceleration increases as the difference between the air resistance and 

the constant gravitational force on the skydiver diminishes with increasing speed. 
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8. The velocity-time graph is for a skydiver after 

jumping out of a plane. Determine the 

terminal velocity of the skydiver. 

a) 13 s 

b) 40 m/s 

c) 8 m/s2 

d) 53 m/s 

 

 

 

 

 

9. The black arrow in the vector diagram is for the horizontal forces acting on a submarine 

that is moving at terminal velocity. Which red arrow represents the thrust of the submarine? 

 

a) A 

b) B 

c) C 

d) D 

 

 

 

10. The following three questions are about a driver in a car who sees an object in the road 

and performs an emergency stop. The car is initially moving at 12 m/s. 

The reaction time of the driver is 0.3 s. Calculate the thinking distance for the emergency 

stop. 

a) 4 m 

b) 3.6 m 

c) 36 m 

d) 4.8 m 

11. The car decelerates at 6 m/s2. Use the equation v2 – u2 = 2as to calculate the braking 

distance for the emergency stop. 

a) 3 m 

b) 6 m 

c) 24 m 

d) 12 m 

12. Calculate the stopping distance for the emergency stop. 

a) 15.6 m 

b) 9.6 m 

c) 60 m 

d) 42 m 
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End of programme reflection 

In your final tutorial your tutor will give you some feedback and you’ll reflect on the whole of the 

programme. Use this space to write your thoughts and targets for improvements you could make 

in your lessons at school. 

 

What I did well… What I could have improved on… 

  

My target for future work is… 

 

What I enjoyed most about the Brilliant Tutoring Programme… 

 

What I found challenging… How I overcame these challenges… 
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Congratulations! 

You’ve reached the end of the Brilliant Tutoring Programme! This means you have completed 15 

hours of tutoring with a PhD researcher or Masters student in Physics. You have worked on 

developing your subject knowledge and study skills which can be applied in your future school 

studies 

Acknowledgement 
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Contact us 

If you ever have any questions or need help from The Brilliant Club, contact us on: 

btpschools@thebrilliantclub.org 

 

For resources about the programme, including guidance on how to use Microsoft Teams, go to: 

thebrilliantclub.org/already-working-with-us/btp 
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NOTES 
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