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Welcome to the Brilliant Tutoring Programme
Welcome to the Brilliant Tutoring Programme, run by The Brilliant Club. The Brilliant Club is an
approved National Tutoring Programme provider. We are taking part in the national catchup effort so pupils can access a future they deserve.
You’ll be working with eight pupils per placement, split into two groups of four. You will help
them re-engage and rebuild confidence in core curriculum subjects and inspire them with
your knowledge and expertise. You’ll usually deliver your tutorials virtually.
Each tutorial will normally be 1 hour long, so you’ll have a minimum of 2 hours teaching
time per week. However, this is likely to be more, depending on the schedule agreed with
the school. You will also have to factor in some prep time per tutorial.

Tutorial

Description

Tutorial 1

You will introduce yourself and tell pupils a bit about the topic and your
area of research or study.

Tutorial 2-13

These are the tutorials where you will teach around three modules based
on the 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 you to give some feedback to pupils and help them
to reflect on their progress.
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Key contacts
Each school nominates a Lead Teacher to select the pupils, co-ordinate
the tutorials in school, and support the pupils throughout. The lead
teacher has a crucial role in helping the pupils to succeed on the
programme.

You will be assigned a Programme Officer from The Brilliant Club. They
will work closely with lead teachers to support programme logistics in
school and support you to deliver your placement(s).

If you ever have any general questions, contact us on: btptutors@thebrilliantclub.org

For resources and guidance documents to support you during your placement, go to:

https://thebrilliantclub.org/already-working-with-us/btp/btptutors/

Your responsibilities during your placement
During your placement we ask that you:


Complete registers within 24 hours of the tutorial (separate guidance on this
process will be provided). It is important that we have a record of attendance
for child safeguarding and to monitor pupil progress.



Communicate regularly with your Programme Officer. Remember that teachers
and school staff can have competing demands on their time, therefore keep
your Programme Officer in the loop so they can follow up on any issues. We also
love hearing when things are going well too!



Give us as much notice as possible if you need to reschedule a tutorial. Schools,
parents and pupils find it challenging to change dates at short notice. You should
only cancel tutorials at short notice if you are unwell or have an emergency.



Uphold your safeguarding responsibilities as set out in our Safeguarding Training:
thebrilliantclub.org/tutor-training/introductory-module
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Preparing for your placement
Before your start your first tutorial, you should complete the following steps to make sure
you’re fully prepared:


Complete or renew your DBS and Right to Work checks (You will be contacted
about this if required)



Complete all the relevant training modules



Confirm your tutorial schedule, placement details and modules with your
Programme Officer



Receive the course materials, review these and tailor them as needed



Read the virtual tutorial guidance for Microsoft Teams



Receive your Microsoft Teams log in details and meeting link, and check these
are working

You can find Teams guidance here:

You can find all the training modules here:

thebrilliantclub.org/alreadyworking-with-us/btp

thebrilliantclub.org/tutor-training
Password: tbctutors

Knowledge Checks
Pupils complete a short Knowledge Check at the start and end of each module. These are
short assessments in which pupils answer exam style questions on the module topic.
The purpose of these Knowledge Checks are to:
•
•
•

See the progress pupils make between the start and end of each module
Share this data with schools so they can monitor pupil progress
Give you information about pupil progress to inform your tutorial planning

We strongly encourage pupils to complete these Knowledge Checks using the digital link
that will be provided by your Programme Officer before the start of your placement, as this
is the quickest and most efficient way for the information to be collected and shared with
you.
However, if pupils aren’t able to access the digital link, they can complete the assessment
on paper or on a word document. They should then send their work to
btpschools@thebrilliantclub.org and include their school and tutor name.
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Using your course resources and guidance
To support you to deliver your placement, you have a number of resources.

This guidance document
The rest of this document is dedicated to providing facilitation notes and answers for each
of the tutorials you’ll deliver.
You should use it in conjunction with the tutorial presentations to prepare for each session.

Tutorial presentations
Presentations for each tutorial are provided in PowerPoint (for Windows) and Keynote (for
Mac) format.
These contain pre-prepared learning activities along with facilitation notes. We have
indicated where you could add additional activities and slides based on your own
knowledge and teaching ideas. You should also feel free to tailor any of the activities
based on the needs of the pupils you are working with.

Pupil handbook
Pupils will receive a printed course handbook and you’ll get a digital copy of this. These
contain space for them to complete learning activities, Knowledge Checks and reflections.
The activities will correlate to the presentations you have, but please ask pupils to use extra
paper if they need more space.

Setting homework
It is not an expectation for you to set homework, nor is homework compulsory for pupils to
complete. If you feel the pupils you work with need or would like to complete extra work
outside of tutorial time, you can agree this with them. However, it should be seen as an
optional extra for them to practice or stretch themselves. Some examples have been
included in this guidance or on the slides.
You’ll be emailed all the documents you need, but will always be able to find copies at:

thebrilliantclub.org/already-working-with-us/btp
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Introduction to the Physics materials
The course is divided into five modules, each comprising four lessons:
Maths skills in physics
Practical skills in physics
3. Motion
4. Force
5. Force and motion
1.
2.

The first two modules cover broad skills that are relevant across GCSE Physics, and that
underpin higher level performance. All students can benefit from strengthening these skills.
The remaining chapters deal with classical mechanics.

Structure
The guiding philosophy in the design of a lesson is one of ‘deliberate practice’. Each lesson
typically comprises three objectives. Each objective is accompanied by a practice section
and an assessment item, as illustrated in the table below:
Objective 1
Objective 2
Objective 3

Practice 1
Practice 2
Practice 3

Assessment 1
Assessment 2
Assessment 3

The purpose of each element is as follows:


The subject matter is broken down and sequenced into manageable objectives.
Each objective is characterised by exposition and worked examples.



Practice of each objective is provided in the form of exercises, which develop
student knowledge and skill.



An assessment item follows each practice section and provides you with an
opportunity to check student understanding before moving on.

Delivery
Suggestions for how to deliver the content are outlined below.


Introduction: You could outline the objectives for the lesson and provide some
motivation as to why this material is interesting or important. You might invite
students to comment on any prior knowledge they have in relation to the
objectives. This can be as simple as asking them to recall keywords and
definitions.



Objectives: The material under the objective might be presented by you or
studied by the students. For example, worked examples might be modelled by
you, or studied independently by students. Extended text might be read out by
students to the group and discussed.
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Practice: Students might work independently or in pairs through the practice
section. You could provide answers or model answers to students for self/peer
assessment, or you could ask students to share answers with the group.



Assessment: The assessment item is a multiple-choice question, which supports
efficient whole group assessment. It is labelled as ‘Quick Question’ on the slides.
Students should work alone on these questions. You might give one minute for
students to reach an answer, before polling students simultaneously for their
selection (e.g. if they think the answer is number three, hold up three fingers).
Students can be questioned about their reasoning, and why the other options
are incorrect.



Conclusion: You might revisit the objectives from the lesson and ask students to
summarise their learning with respect to each. They could also be invited to share
any outstanding questions.

Content
The material in the chapters should exemplify the breadth and depth of those GCSE Physics
topics covered. This should provide insight into the level at which you might pitch delivery,
and the level of performance you might expect from your students. The material serves as
a guide for tutorials. You may find that it is desirable or necessary to focus or expand on
certain elements, according to your student needs, or to pass quickly through others.
A note: The materials have been designed to align with the National Curriculum. Exam
boards are required to address the content of the National Curriculum, but there will be
nuances and emphases across boards that you might or might not want to explore. This
can be done by becoming acquainted with the exam specification relevant to your
students.

Difficulties and stretch
As a tutor you will want to be constantly alert to difficulties that the students encounter. You
will also want to be alert to stretching students who have mastered the content. This
guidance document outlines ideas in relation to both difficulties and stretch.
Specific ideas for stretching students are given under individual objectives, but a general
approach that you could use is to explore demanding exam questions. Exam questions
from the exam board relevant to your students can be found from sites such as
https://www.physicsandmathstutor.com/

D.I.C.E. framework for problems involving calculation
A useful framework for solving problems involving calculation is the ‘D.I.C.E.’ framework.
However, there are other frameworks so you might want to check with your lead teacher
to see what they recommend. Whichever framework is used, the idea is to scaffold the
approach to problem-solving for the student.
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D is for diagram
Sketch a quick diagram to help you visualise the problem, labelling any parts if useful.
Sketching is particularly important for complex problems. If the question does not lend itself
to a diagram, then you can proceed with just the ‘I.C.E’ part of the framework.
I is for identify
Identify and write down a list of the important values from the question, converting values
into the correct units if necessary. For example m = 500 g = 0.5 kg. The list spares you having
to juggle data in your head, and makes sure you don’t forget to convert units. Also identify
the equation you need to solve the problem and write it down.
C is for calculation
Substitute values into the equation and solve for the unknown. If a rearrangement is
necessary, it’s good practice to rearrange and then substitute. But some students find it
easier to substitute and then rearrange – they prefer manipulating numbers than letters.
E is for evaluate
Evaluate your answer. Does it seem sensible? For example, if you calculate the speed of a
jogger to be 500 metres per second, you know something has gone wrong. Does your
answer have the right number of significant figures? Look to the number of significant
figures used in the question for guidance. And have you included units in your answer?*
*Most marks in exams are not dependent on significant figures and units being specified
correctly – in AQA exam papers for example, a couple of questions are reserved for testing
students on significant figures and units. But it is good practice for students to get into the
habit of giving answers with units and to the correct precision.
Example
A resistor of resistance 1.0 kΩ passes a current of 2.0 mA. What is the potential difference
across the resistor?
Answer
Draw a diagram:

Identify values and equation:
I = 2.0 mA = 2.0 x 10-3 A
R = 1.0 kΩ = 1000 Ω
V=?
V = IR
Calculate:
V = (2.0 x 10-3) x 1000 = 2.0 V
Evaluate: value seems sensible, has correct number of significant figures (2 sig. fig.) and units
are included.
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Tutorial 1 – Introductions
The purpose of Tutorial 1 is to start getting to know your pupils and collect some information
from the group that helps us to report programme impact to our school partners.
Further guidance about Tutorial 1 and supporting resources, such as accompanying slides,
will be provided to you when your placement is confirmed.
This table outlines the suggested structure for Tutorial 1.
Section

Suggested Time

Additional Information

Introduction & Icebreaker

10 mins

Introducing yourself to the pupils and find
out a bit about them.

Introduce your research

15 mins

An opportunity to engage pupils with
your research/degree and link it to the
BTP subject they are going to be
studying.

Welcome to BTP

5 mins

Sharing a pre-recorded welcome video
explaining the programme to pupils.

Pre-Programme Survey

10 mins

Pupils will complete a pre-programme
survey using the link and codes your
Programme Officer shares with you.

Knowledge Check

15 mins

Pupils will complete the Knowledge
Check for the first module you’ll be
covering.
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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

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

At the beginning of this tutorial you will guide pupils through a set of confidence and
Knowledge Check questions – you’ll find more details about this on the relevant tutorial
slides. Answers for Knowledge Checks are found in the Appendices.

Learning activities
As a starter activity, use the table on slide 14 to ask pupils if they can see a
pattern in the pre-fixes.
Practice: Pupils then have this practice table to complete in their handbooks.
Answers are show in yellow.
Decimal form

Standard form

Prefix

0.000 002 5 m

2.5 × 10−6m

2.5μm

A wave has a frequency
of…

5 700 000 Hz

5.7 x 106 Hz

5.7 MHz

The wavelength of red light is…

0.0000006 m

6 × 10−7m

700 nm

A bacterium has a length of…

10

A power station generates…

3 200 000 000 W

3.2 × 109W

3.2 GW

A racetrack has a length of…

1500m

1.5 x 103 m

1.5 km

Human reaction time is about…

0.2 s

2 × 101s

200 ms

Assessment: Use the question on slide 16 to assess students’ understanding. Answer:
3

5 × 10−5 m

50μm

There are two example calculations to work through on the slides.
Practice: Pupils then have some practice questions to work through in their
handbooks. Answers are as follows:
1.
2.
3.
4.

1.8 × 108 m
0.18 m
9.4 × 1011m
0.008 g/L

Assessment: Use the question on slide 20 to assess students’ understanding. Answer:
3. 7.2 × 10−8m ×63 Gm
Difficulties: Students have trouble noticing prefixes in units, and often struggle to
remember their value. This recognition can take the duration of GCSE and A-level for
some. Highlighting the pattern in the first table and getting students to create a
mnemonic (memory aid) might help.
Stretch: Powers of Ten (1977) and/or Scale of the Universe are nice videos for exploring
the very large and very small, in relation to standard form and prefixes.
https://www.youtube.com/watch?v=0fKBhvDjuy0
https://htwins.net/scale2/
There is a worked example on the slides for using an appropriate number of
significant figures.
Practice: Pupils then have some practice questions to work through in their handbooks.
Answers are as follows:
1.
2.
3.
4.

3 × 1014
1.6 × 1026 m3
1000 V/A
1 294 000 B
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Assessment: Use the question on slide 24 to assess students’ understanding. Answer:
3. 14 000 cm
Difficulties: students struggle to appreciate the importance of significant figures. As with
prefixes, correct use of significant figures can take the duration of GCSE and A-level to
master. Watch out for a common problem: asked to state 1437 to 2 significant figures, a
student might answer 14.
Stretch: At GCSE, exam questions specify the number of significant figures that an answer
should be given to. At A-level, students are expected to identify a suitable number of
significant figures for stating answers. You might want to discuss the reasoning behind
suitable choices.
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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
There are some examples to work through on slides 3 and 4. After this there are
some practice questions in the pupil handbooks. Answers are:

𝑚=
𝜌=
𝑡=

𝐹
𝑎

𝜆=

𝑝
ℎ𝑔

𝐶=

𝑠
𝑣

𝛥𝑡 =

𝑣
𝑓

𝛥𝐸
𝑚𝛥𝜃
𝛥𝑉
𝑎

ℎ=

𝐸
𝑚𝑔

𝑚 = 𝜌𝑉
𝑉𝑆 =

𝑉𝑃
𝑛𝑆
𝑛𝑃

Assessment answer:
2. ∆𝑡 =

𝑚∆𝑣
𝐹

There are some summary steps for solving these kinds of problems on the slides and in the
pupil handbook.
Difficulties: Many students at the beginning of Year 10 will not be able to rearrange
even simple, linear equations. Rearranging equations reliably is a skill that is
developing throughout GCSE and A-level. Some students may request equation
triangles for support, but they should be encouraged to develop their
mathematical ability by working through the steps of rearranging, as modelled in
the examples.
Stretch: Students comfortable with rearranging linear equations using the algebraic
steps on paper might be asked to do so in their heads, or introduced sooner to
non-linear equations (see later objective).
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There are two worked examples in the slides and a summary of steps to follow.
Pupils then have a practice question in their handbooks. Answers:
1.
2.
3.
4.

73 N
7.9 kg
1.82 ms−2
20 m

5. 98 J/(kg◦C)
The assessment question is on the slides and the answer is:
3. They have not converted the units as necessary
Difficulties: Reliably using equations in problem-solving is a skill that is developed
throughout GCSE and A-level. Students can struggle under the cognitive load of
navigating multiple tasks: they need to identify quantities and values, convert units
as necessary, perform algebraic rearrangements, all while thinking about the
physics. Having a clear structure for working through these steps will reduce the
cognitive load and increase chance of success – see the worked examples for a
suggested structure.
Stretch: ask students to suggest their own structure for solving problems with
equations. Do they find it easier to substitute numbers into the equation before
rearranging, or after algebraic rearrangement? This conversation might improve
their metacognition.
There are two worked examples in the slides. Pupils then have a practice question
in their handbook. Answers:
𝑅=

𝑃
𝐼2

𝑏 = √𝑎2 − 2𝑐𝑑

𝐼=
𝑚=

𝑃
𝑅
2𝐸𝑘
𝑣2

𝐶=

𝑎2 − 𝑏 2
2𝑑

𝑣=

2𝐸𝑘
𝑚

The assessment question is on the slides and the answer is:
3) 𝑉 = √𝑃𝑅
Difficulties: The most complex equations that students will encounter at GCSE are
second-order polynomials e.g. ½mv2 or v2 = u2 + 2as. Only some students will be
comfortable with rearranging these equations by the end of GCSE.
Stretch: students comfortable with rearranging these equations might be offered
‘inverse’ problems to check they have not remembered by rearrangements by
rote. For example, rearranging a = √(2b/c), for c.
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There is a worked example in the slides then pupils have a practice question in
their handbooks. Answers:
1. 4.2 J
2. 0.0016 A
3. 6.24 m/s

4. 21 m/s
The assessment question is on the slides and the answer is:
1. They have not rearranged the equation correctly
Difficulties: as above with simple equations, but more acutely, students can
struggle under the cognitive load of problem-solving that involves both maths and
physics. Again, having a clear structure for working through problems will help. See
the example for a suggested structure.
Stretch: increase cognitive load further by offering students a problem in which
superfluous information is provided. This requires students to sift the initial
information for the pertinent data.
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Tutorial 1.3 – Working with graphs
PUPILS WILL NEED SOME GRAPH PAPER FOR THIS TUTORIAL
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
There is an example to work through on slide 3. Pupils then have a practice graph
in their handbook to make a series of reading. Answers are:
1.
2.
3.
4.
5.

300 kW
1600 kW
8 m/s
3 MW
15 m/s

You can then assess pupil understanding using the example on slide 5. The answer is:
2. 0.08 s
Difficulties: the ability to reliably read graphs is usually a prerequisite to plotting
graphs correctly. A common issue for students is accurately reading data from a
graph. This can be due to careless reading, or a deeper issue with figuring out subdivisions on the scales.
Stretch: Students confident with reading graphs might be given more complicated
graphs. For example, graphs whose axis labels include a power (e.g. distance x 106
(m)) or that include an axis break / false origin. These elements are occasionally
encountered at GCSE.
After working through the steps to take to plot a graph on slide 6, pupils can use
the space in their handbooks to draw their own graph for the practice question.
You may need to think about how pupils will feed back their answers – Will they
hold their graphs up to the camera? Will you quiz them about what their graph looks like?
Or could you use online mark up tools for them to draw the graph on screen?
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Difficulties: there are various elements to get right when drawing a graph, and
many students invariably trip up with one or more. Common problems include
plotting the variables the wrong way around (i.e. independent variable on the yaxis) or unsuitable scale. Students can also be careless in plotting points
accurately. Students should be reminded to use pencil rather than pen (so that
they can erase mistakes) and to use a ruler for drawing straight lines.
Stretch: Students confident with plotting graphs might be given more complicated
data. For example, data that require a power in the axis label (e.g. distance x 106
(m)) or data that require an axis break / false origin. These elements are
occasionally encountered at GCSE.

There are three examples to work through on the slides. Pupils then have a
practice question in their handbooks. The answer is:
The student is not correct. There is a linear relationship in both cases, as
illustrated in this graph:

The answer to the assessment question is:
4. As time increases, velocity decreases
Difficulties: Students will often describe data very informally, without reference to
variables or underlying mathematical relationships (eg. the numbers go up).
Providing students with ‘template’ sentences will help them to observe and
communicate these relationships.
Stretch: Students confident in describing the relationships explored in the chapter
might be introduced to data containing quadratic or inverse square relationships.
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They might be able to note, for example, that when speed doubles, kinetic energy
quadruples.

There are some example graphs to work through in the slides, then pupils have
some practice questions in their handbooks. The answers are:
1. It is not directly proportional. As time increases velocity increases. There is a
linear relationship between velocity and time.
2. As time increases the water temperature decreases before levelling off. It is
not inversely proportional.
There is a final assessment on slide 18 and the answer is:
4. As time increases velocity decreases.
Difficulties: As with data tables, students will often describe relationships in graphs
very informally, without reference to variables or mathematical relationships (e.g.
the line goes up). Providing students with ‘template’ sentences will help them
observe and communicate these relationships.
Stretch: Students confident in describing the relationships explored in the chapter
might be introduced to graphs containing quadratic or inverse square
relationships. They might be able to note, for example, that when speed doubles,
kinetic energy quadruples.
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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
Use slide 3 to introduce the topic. Pupils then have a practice question. The
answers are:
1.
2.
3.
4.
5.
6.

F
A
B
E
C
D

The answer to the assessment question on slide 5 is:
1. y = 15 − 1.5x

Difficulties: Students will not be required to specify functions for straight lines, but
this section supports the idea of recognizing feature of graphs, an importantly the
idea of gradients. Students should be familiar with this idea from maths, but can
have trouble relating this in a physics context. The exercises here are physics-free,
before introducing physics variables in later objectives.
Stretch: Students secure with this material might create and sketch their own
functions.
There are two examples to work through before pupils do their practice question
in their handbooks. Answers are:
1.
2.
3.
4.

15 m/s
-10 m/s2
-15 m/s
5 m/s2

The answer to the assessment question is:
1. 3/0.5 = 6 m/s2

Difficulties: A very common problem is using too small a ‘triangle’ when selecting
coordinates, which leads to inaccurate values for the gradient. Students can be
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penalised in exams for this practice – a triangle whose hypotenuse spans at least
half the line should be used. They should use the whole line, which makes
calculations easier. Other common problems include: computing Δx/Δy rather
than Δy/Δx, getting x and y coordinates mixed up, and ignoring signs.
Stretch: Students secure with this skill might explore how accuracy is affected by
the size of the triangle used to measure the gradient. The result might serve as an
antidote to students who persist in using small triangles.
Work through the steps for measuring a gradient using a tangent, which pupils
also have in their handbooks. They then have some graphs to practice these
steps on.
Please complete the graphs yourself prior to the tutorials.
The answer to the assessment question is:
1. (9-2.3)/60

Difficulties: This is an advanced skill for GCSE students, and may be new skill to
some. Explicit modelling of how to draw an accurate tangent is recommended.
Common issues for students include drawing a tangent that intersects rather than
glances the curve, and drawing an ‘imbalanced’ tangent.
Stretch: The chapter deals with the mathematical skills of determining gradients
but does not consider physical interpretation. Confident students might be invited
to discuss the physical interpretation of gradients and to consider their answers to
questions in the chapter in this context.

At the end of this tutorial you will guide pupils through a set of confidence and Knowledge
Check questions. You will also complete a reflection exercise so that pupils can take time
to think about what they found challenging and where they did well – you’ll find more
details about this on the relevant tutorial slides. Answers for Knowledge Checks are found in
the Appendices.
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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

Tutorial 2.1 – Scientific thinking
In this tutorial you will look at:
1.

Supporting scientific ideas

2.

Accepting scientific ideas

3.

Changing scientific ideas

At the beginning of this tutorial you will guide pupils through a set of confidence and
Knowledge Check questions – you’ll find more details about this on the relevant tutorial
slides. Answers for Knowledge Checks are found in the Appendices.

There is a discussion question on slide 11 to start off the tutorial, then pupils have
some information about the astronomer Johan Bode in their handbook, who
predicted the existence of Uranus. Support pupils to understand the information
using discussion and questioning. The answer to their practice question is that the existence
of Uranus provided experimental evidence to support Bode’s theory.
The answer to the assessment question on slide 13 is:
2. The results of the experiment do not support the student’s hypothesis.

Support pupils to understand the key words ‘repeatable’ and ‘reproducible’ on
slide 14. Pupils then have two practice questions in their handbook. The answers
are:
1. B) Repeat the experiment using exactly the same method.
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2. The student could check the repeatability of the experiment by repeating the
experiment using the same method and checking that the results are consistent. The
student could check the reproducibility of the experiment by having another
student make measurements of the angles of incidents and reflections of the plane
mirror and comparing the results.
The answer to the assessment question on slide 16 is:
1. Another scientist repeats the experiment and gets the same results.

There is an opportunity for discussion on changing scientific ideas, based on the
extract pupils have in their handbook (also in the notes of your slides). They then
have a practice question worth 4 marks. Think about how you will get pupils to
feed back their answers based on their tech set up. Key points to look for in their answers
are:
An old scientific model is sometimes replaced by a new model when new evidence
is presented which is inconsistent with the old model. The new model is able to
explain the new scientific evidence. The new experimental evidence thus provides
confirmation of the new model. An example of this process is the replacement of the
’plum pudding’ model of the atom which was inconsistent with Rutherford’s
experiment in 1909 in which he shot alpha particles at a gold sheet and found that
most went straight through and only a small number were scattered. The new,
nuclear, model of the atom was consistent with Rutherford’s new experimental
evidence.
There is a final assessment question on slide 19, and the answer to this is:
2. The Giant Impact Hypothesis does not explain the similarity between Moon rocks
and Earth rocks
Difficulties: ‘Working scientifically’ is a strand that runs through the National
Curriculum in the sciences. At GCSE level, many students are still developing their
understanding of empiricism, which continues into A-level. Students tend to lack
meaningful practice in these areas because they are more general. Providing
extra questions to characterise the underlying ideas would be helpful, either using
a historical or practical context.
Stretch: Confident students might explore major turning points in physics, like the
replacement of the heliocentric model by the geocentric model of the solar
system, steady state theory by Big Bang theory, or the introduction of plate
tectonic theory.
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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

Support pupils to understand the keywords ‘independent variable’, ‘dependant
variable’ and ‘control variable’ on slide 3. There is an example of slide 4 to work
through. They then have a table in their handbooks to fill out as practice for
identifying these in experiments. The answers are in yellow here.
Investigation

Independent
variable

Dependent
variable

Control
variable(s)

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

Length of wire

Resistance of wire

Voltage of cell, all
other components

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.

Mass of trolley

Acceleration of
trolley

Force applied to
trolley, starting
velocity, surface on
which trolley moves

Nature of
surface

Amount of infrared
radiation emitted

Force applied

Extension of spring

The position of the
detector of
infrared radiation,
temperature of the
surface and room
Type of spring used

A student investigated
how heat transfer in a
material is affected by the
thickness of the material.

Thickness of
material

Amount of heat
transferred

Type of material
used, temperature
of material and
experiment, heat
provided to
material

The answer to the assessment question on slide 6 is:
3. A control variable is the distance between the lamp and the solar panel.
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Difficulties: Identifying independent, dependent and control variables remains a
challenge for students through GCSE and even into A-level. Being able to give a
‘dictionary definition’ of each is a starting point, but even here, students can falter.
Stretch: Students are required to complete certain practicals during GCSE Physics.
For example, investigating the relationship between the mass of an object and its
acceleration under a given resultant force. Some of these ‘required practicals’ are
treated in the practice section - a confident student could extend the table to
include other ‘required practicals’ in their course (see the relevant examination
specification online).
Support pupils to understand how to write a method using the keywords and
examples from slide 7-9. You could also bring in other example from your studies
or the real world to illustrate this.
Pupils then space to write a practice method in their handbooks, choosing from four
experiments. Examples answers are:
1. The independent variable is the length of the wire. The length of the wire can be
measured using an accurate ruler. The dependent variable is the resistance of the
wire. The resistance of the wire can be measured by making a measurement of the
voltage using a voltmeter and the current using the ammeter. The resistance is then
calculated by dividing the voltage by the current. The control variable is the
temperature of the wire, which will affect its resistance. The wire must be allowed to
reach room temperature before making measurements.
2. The independent variable is the mass of the trolley. The mass of the trolley may be
varied by adding additional weights to a weight stack attached to the trolley. The
student must weigh the trolley and weight stack using an accurate scale. The
independent variable is the acceleration of the trolley. The acceleration can be
measured by attaching a card of known length, l to the top of a trolley. Two light gates
can be placed in a fixed position with a separation, d in the path of the trolley so that
the card will interrupt the light gate as it passes through. The velocity of the trolley at
each light gate, v1 and v2 can be calculated by dividing the length of the card, l by
the time the light gate was interrupted. The acceleration is then calculated using the
formula: 𝑎 =

𝑣22 −𝑣12
.
2𝑑

The control variables are the separation and position of the light

clocks which must be kept constant, the length of card and the force applied to the
trolley which must be kept constant.
3. The independent variable is the force to the spring. The mass attached to the spring
must be varied and in each case an accurate measurement of the mass must be
made using an accurate scale. The applied force may then be calculated by
multiplying the applied mass by the acceleration due to gravity, g = 9.81 m/s2. The
dependent variable is the extension of the spring. The extension of the spring can be
measured by measuring the length of the spring before the mass is applied and taking
this value from a measurement of the length of the spring when the applied mass is
attached. The control variables are the spring used (the student must check that the
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elastic limit of the spring has not been reached by ensuring the spring returns to the
same initial length when no mass is attached).
4. The independent variable is the thickness of the material. Pieces of material of
different thickness must be cut and their thickness measured accurately using a ruler.
The dependent variable is the amount of heat transferred through the material. This
can be measured by measuring the temperature on the other side of the material at
set time intervals after the heater is applied to the other side of the material. The
control variables are the type of material used and the other two dimensions of the
material which must be kept constant. The initial temperature of the material must be
at room temperature and the power of the heater and distance at which it is kept
from the material must be kept constant. A non-flammable material must be used.
Difficulties: Students frequently write unfocused, overly-long methods. A good
method can be quite short, and should focus on details surrounding the
independent, dependent and control variables. A common problem is for students
to spend a lot of time describing the experimental setup, when a labelled diagram
will suffice.
Stretch: Students are required to complete certain practicals during GCSE Physics.
For example, the investigating the relationship between the mass of an object and
its acceleration under a given resultant force. Some of these ‘required practicals’
are treated in the practice section - a confident student could extend the table to
include other ‘required practicals’ in their course (see the relevant examination
specification online).
Support pupils to understand the rationale of completing risk assessments and go
through the example on slide 12. They then have a table to practice identifying
hazards, risks and precautions.
Investigation

Hazards

Risks

Precautions

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

The equipment could
become hot

This could cause
burns

Allow the equipment
to cool by opening
the switch between
readings

A student investigated
how the mass of a trolley
affected the
acceleration of the
trolley when a force was
applied to the trolley.

The trolley or mass
could fall off the
surface at speed

This could cause
injury or damage to
equipment

The mass attached
should not be too
high. The trolley
should be stopped
before coming close
to the edge of the
table. The force
applied should not
be too high
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A student investigated
how the extension of a
spring was affected by
the force applied to the
spring.

Spring under tension.
Suspended mass

A falling mass could
cause injury or
damage to
equipment. A
recoiling spring could
cause damage to
eyes or other injuries

A student investigated
how heat transfer in a
material is affected by
the thickness of the
material.

Hot equipment

This could cause
burns. A fire would
cause smoke
inhalation, burns and
danger to life

The equipment must
be securely clamped
to the table. Eye
protection must be
worn in case the
spring breaks. The
mass must be applied
gently
The heater must not
be placed too close
to the material. The
heater must not be
left on for too long.
The material used
must not be
flammable. The
material must be
allowed to return to
room temperature
before making a
measurement

For the final assessment question of this tutorial on slide 14, the answers are A and D.
Difficulties: Hazard and risk are often confused by students. For example, a student
might say that a heater is a risk, when in fact the heater is a ‘hazard’ and being
burnt by the heater is the ‘risk’. Students can be penalised for this confusion in
examinations.
Stretch: Students are required to complete certain practicals during GCSE Physics.
For example, the investigating the relationship between the mass of an object and
its acceleration under a given resultant force. Some of these ‘required practicals’
are treated in the practice section - a confident student could extend the risk
assessment table to include other ‘required practicals’ in their course (see the
relevant examination specification online).
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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
There is an example on the slides to explain instrument resolution. The pupils have
some images to practice on in their handbooks. Answers are:
1. The resolution of the thermometer is 1°C
1
2. The resolution of the ruler is 0.1cm or 16 inch.

3. The resolution of the scales is 0.1kg
4. The resolution of the calliper is 0.1mm = 0.0001m = 1 × 10-4m
Table 1: the voltmeter resolution is 0.1V, the ammeter resolution is 0.01mA
Table 2: Ammeter A has the highest resolution
The answer to the assessment question on slide 7 is:
1. 103.3 mA
Difficulties: Students may have an intuition about instrument resolution but can still
struggle to articulate its meaning and identify resolution correctly, particularly from
a table of data.
Stretch: Secure students might be invited to think about suitable choice of
instrument resolution. When is a higher resolution instrument useful, and when is not
useful?

There are examples of four important types of error in the slides, which are also
outlined in the pupil handbook. The answers to the practice questions in the pupil
handbook are:
1. a) Random error.
b) Temperature variations. Fluctuations within the measuring equipment.
2. a) Zero error.
b) Parallax error. As the water level rises the student is no longer measuring the water
level at the same level of the level of the water (the eye may be too low). This can
cause a systematic error as the eye will be consistently viewing the water too low.
c) The first error will cause a systematic error on the measurement of the mass. The
mass will be underestimated. The systematic error caused by the parallax error will
cause the volume to be overestimated. Since density is calculated via the formula
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ρ=

m
v

. The systematic errors will combine to cause an underestimation of the density

of the rock.
The answer to the assessment questions on slide 11 is:

2

Random error

Parallax error due to eye position varying above
and below the level of the marker

There are examples on the slides to help you support pupils to understand how to
manage for error. The answers to the practice questions in the pupil handbook
are:
1. The student could zero the scale when no mass is applied. Or the student could add
0.1 kg to each of the measured masses.
2. Random Error. The student could take many repeat measurements of the angle of
reflection and use the mean of these measurements for each angle of incidence.
3. The student could limit parallax error by always positioning their eye level with the
Voltmeter. (They could position their eye level with the large V in the centre of the
voltmeter).
4. This will generate a systematic error as the measuring cylinder will also have a mass.
The student must measure the mass of the measuring cylinder and subtract this from
the measured mass of liquid and measuring cylinder.
The answer to the assessment question on slide 16 is:
3. Record the zero error on the mass balance and subtract this from the result
Difficulties: ‘Error’ and ‘managing error’ are ideas that remain difficult for students
through A-level. A common misconception among GCSE students is that ‘error’
means ‘human error’. A discussion of the source of error (in particular random
error) might help to develop understanding here.
Stretch: Students who are secure with these ideas might think back to the previous
lesson and attempt to explain how error is managed in a selection of the ‘required
practicals’.
The answers to the pupil practice questions on uncertainty are:
1. 100 kg/m3
2. 2°C
3. 0.1 Ω
The answer to the assessment question on slide 19 is:
2. Student A’s result has a greater uncertainty than Student B’s result
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Difficulties: Calculation of uncertainty is limited to ‘half of the range of values’ at
GCSE. Students can be prone to forgetting the ‘half’. Propagation of uncertainty is
not introduced until A-level.
Stretch: Students might be invited to consider why quantifying uncertainty is
important, and what the implications are for stating values without an uncertainty.
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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
Examples of anomalies are provided on the slides. The answers to the practice
questions are as follows, with the mean highlighted yellow and the anomalies
highlighted pink.

1.
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

12.1

0.2

24.1

23.9

24.1

24.0

24.0

0.3

35.8

21.4

36.1

36.1

36.0

2.
p.d. / V

Current 1 / mA

Current 2 / mA

Current 3 / mA

Mean current / mA

2.0

2.2

1.9

2.0

2.0

4.0

3.9

3.9

4.1

2.0

6.0

6.0

7.8

5.9

6.0

3. a) The result at approximately 9.5 cm extension.
b) Prepare a few examples that students might give to answer this question prior
to the tutorial.

The answer for the assessment question on the slides is:
2. 9.9 m/s2
Difficulties: Students should be sensitive to the idea of anomalies, but can
sometimes forget to discard them when calculating averages. Note: newcomers
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to teaching are often surprised at the suggestion of discarding data, which might
be considered bad practice. But when handling anomalies at GCSE, it is the
widely recommended practice.
Stretch: In GCSE questions, anomalies will be very obvious, but a discussion about
anomalies in ‘real’ science and how they are treated might be interesting.
The target diagrams can be used to illustrate accurate and precise
measurements. The answers to the practice questions are:
1. a) Student D is accurate and precise.
b) Student B is accurate but imprecise.
c) Student C is inaccurate but precise.
d) Student A is inaccurate and imprecise.
2. The true value of the acceleration is unknown so the results cannot determine
whether the measurements are accurate. There are no repeat measurements
so the results cannot be used to determine whether the measurements are
accurate.
3. The zero error will have no effect on the precision of the results but will reduce
the accuracy of the results by 0.05 A.
The answer to the assessment question on slide 10 is:
Compared to Student B, Student’s A results are more accurate and as precise.
The answers to the practice questions on improving accuracy and precision are:
1.
Impact on
accuracy

Impact on precision

Reasoning

Random
error

Random error
reduces
accuracy

Random Error leads to reduced
Random error reduces
precision since it causes greater
precision
variation about the mean.

Systematic
error

Systematic error
reduces
accuracy

Systematic error does
not affect precision

Systematic Error leads to a less accurate
result since it will shift the measurements
from their actual value.

Anomalies reduce
precision

Anomalies reduce accuracy and
precision since they don’t reflect an
actual measurement and will therefore
cause an increased variance from the
mean in addition to a shift in the result
away from its true value.

Anomalies

Anomalies
reduce
accuracy
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Resolution

Using low
resolution
instruments might
reduce
accuracy

Instrument resolution
does not affect
precision

Low Resolution instruments will lead to a
reduction in accuracy since it will
increase the minimum possible error on
each measurement.

2. a) The ruler has a resolution of 1mm. The Calliper has a resolution of 0.01mm (one
hundred times higher).
b) The calliper will be able to make a more accurate measurement than the ruler.
3. Allowing the temperature of the wire to cool between readings improved the
precision of the results since there will have been less variation in temperature and
hence less variation in the reading of resistance during the experiment. This will also
have improved the precision of the results as it will have prevented the resistance
from becoming systematically larger than its true value at room temperature over
the course of the experiment.
Difficulties: Accuracy and precision are often confused or used synonymously.
Troubles with understanding how to improve accuracy and precision are
compounded by lack of clarity on errors and managing error (see earlier lesson).
Practice is perhaps the only way to remedy these issues.
Stretch: Students who are secure with these ideas might think back to the previous
lesson and attempt to explain how accuracy and precision might be improved in
a selection of the ‘required practicals’.

At the end of this tutorial you will guide pupils through a set of confidence and Knowledge
Check questions. You will also complete a reflection exercise so that pupils can take time
to think about what they found challenging and where they did well – you’ll find more
details about this on the relevant tutorial slides. Answers for Knowledge Checks are found in
the Appendices.
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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

Tutorial 3.1 – Speed and velocity
In this tutorial you will look at:
1.

Distance and displacement

2.

Speed

3.

Velocity

At the beginning of this tutorial you will guide pupils through a set of confidence and
Knowledge Check questions – you’ll find more details about this on the relevant tutorial
slides. Answers for Knowledge Checks are found in the Appendices.
Distance and displacement
Explain or run a starter activity to help pupils understand the keywords ‘scalar
quantities’, ‘vector quantities’, ‘distance’ and ‘displacement’ and work through
the example. The answers to the practice questions are:
1. a) 12 m
b) 0 m
2. 55 km 040◦
3. 75 km 293◦
The answer to the assessment question on the slides is:
C

400 m

0m

Difficulties: The scalar-vector distinction is one that runs through the GCSE Physics
curriculum. Students are typically introduced to the distinction when discussing the
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difference between distance and displacement. The distinction may remain
abstract until further examples are encountered.
Stretch: Students could suggest examples of scalars and vectors elsewhere in the
GCSE Physics curriculum, and discuss why the distinction is important.
Speed
Work through the example for calculating speed. The answers for the practice
questions are then:
1.
2.
3.
4.
5.
6.
7.

10.44 m/s
48.007 km/hr
8880m = 8.88km
6798m = 6.798km
3.03 s ≈ 3 s
2.02km = 2020m
11.083 km

The answer to the assessment question is:
2. A car that travels 500 m in 20 s
Difficulties: Students should not struggle with this concept, although some may not
fully appreciate the significance of the calculation, which is revealed by
inspecting the units - metres per second. There might be a few errors when
converting hours and minutes to seconds.
Stretch: Confident students may be invited to consider the difference between
instantaneous speed and average speed. Usain Bolt’s 9.58 s record in the 100 m
race might be an interesting event to consider here – how does his instantaneous
speed at various points in the race compare to his average speed. This is beyond
the scope of GCSE, but promotes thought, and preparation for A-level.
Velocity
There are two examples on the slides to help explain velocity. There are then
three practice questions in the pupil handbook. Answers are:
1. The cars have a relative velocity of 20 km/s
2. 90 m/s 063◦
3. 330 m/s 120◦
The answer to the assessment question is:
2

Constant

Constantly changing
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Difficulties: Some students are likely to have problems with individual steps in the
velocity problems, such as using the scale or using a protractor to measure
bearing. Taken together, the steps may result in cognitive overload, so clearly
signposting these steps will be helpful.
Stretch: A discussion of x and y components of velocity is beyond the scope of
GCSE and would likely be very challenging, but this would promote thought in
secure students, and preparation for A-level.

35

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)

PUPILS WILL NEED SOME GRAPH PAPER FOR THIS TUTORIAL
The distance-time graph
There is an example on the slides to demonstrate distance-time graphs. Then the
answers to the pupil practice questions are:
1. a) 75m
b) 30-40s
c) 50s
d) 10s
2. Please work out the graph to answer this question prior to the tutorial.
Calculating speed from a distance-time graph (uniform motion)
There is an example on the slides to demonstrate calculating speed from a
distance-time graph. Then the answers to the pupil practice questions are:
1. a) 2.5 m/s
b) 0 m/s
c) 5 m/s
2. a) 10-20 s
b) 30-40 s
c) 0-20 s
3. Please work out the graph to answer this question prior to the tutorial.
The answer to the assessment question is:
4. The speed of Car B is constant during the journey
Calculating speed from a distance-time graph (non-uniform motion)
Use the example in the slides to demonstrate calculating the speed for nonuniform motion. The answers to the practice questions are:
1. a)

i. 3 m/s
ii. 8 m/s
iii. 0 m/s
iv. 6 m/s
36

v. 4 m/s
b) The motorbike starts from rest and accelerates for the first 30 seconds before
coming to a complete halt for 20 seconds. The motorbike then starts moving again
and decelerates for the next 30 seconds.
2. Please work out the graph to answer this question prior to the tutorial.
The answer to the assessment question is:
3. Between 30 s and 60 s the vehicle speed is increasing
Difficulties: Students who are not secure with calculating gradients will experience
difficulty with the second objective, and in particular the third objective (where
tangents are used). Referring to Module 1 may be useful. Irrespective of their
security with the mathematical skills, students will likely find it challenging to inspect
speed-time graphs and make fluent inferences about speed until they have had
sufficient practice.
Stretch: Secure students could be invited to describe a journey they are familiar
with e.g. bus journey to school, and to sketch the distance-time graph while
considering speed.

37

Tutorial 3.3 - Acceleration
In this tutorial you will look at:
1.

Acceleration

2.

Calculating acceleration

PUPILS WILL NEED SOME GRAPH PAPER FOR THIS TUTORIAL
Acceleration
After securing pupils’ understanding of the definition of acceleration and running
through the example on the slides, pupils have two practice questions to
complete in their handbook. Answers are:
1. a) Not accelerating (constant speed)
b) Not accelerating (stationary)
c) Accelerating
d) Not accelerating (stationary)
e) Decelerating
2. Please work out the graph to answer this question prior to the tutorial.
The answer to the assessment question on the slides is:
3

Constantly changing

Accelerating

Difficulties: This objective aims to introduce the concept of acceleration, before
introducing the technical definition and computation in the later objectives.
Students will likely begin by using the term informally, perhaps confusing it with
other ideas about motion. The activities are designed to cement the idea that
acceleration relates to a change in velocity. Students should be encouraged to
use technical language: for example, “the car increases its velocity and so is
accelerating”, instead of “the car is getting faster”.
Stretch: Students could be invited to give examples of accelerations they
experience in daily life, and to relay the feelings associated with acceleration. This
could lead to a discussion of Newton’s second of motion (introduced in Module 5).
Calculating acceleration
PART 1
There are two example calculations on slides 8-10 to work through with pupils. They then
have a table of practice questions to complete in their handbooks. The answers are:
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From rest

In motion

Braking

Acceleration 8.8 m/s2

4.6 m/s2

12 m/s2

Timing

3.1 s

3.1 s

4.2 s

Final speed

24 m/s ≈ 90 km/hr

41 m/s ≈ 150 Km/h

13 m/s ≈ 50 km/h

The answer to the assessment question is:
1) 2 m/s2
Difficulties: Some students might fixate on issues related to signs and differences
between acceleration and deceleration. Exam questions are usually forgiving
here, but in any case, accuracy of sign and language is encouraged.
Stretch: Students could suggest how the accelerations of the Porsche were
measured, leading to a conversations about measurement of acceleration in the
classroom using light gates.

PART 2
This part is to help pupils understand calculating acceleration problems that involve
distance – there’s an example in the slides. The answers for their table of practice questions
are:
From rest

In motion

Braking

Distance

6m

90m

47m

Final speed

30 m/s ≈ 110 km/hr

33 m/s ≈ 120 km/hr

21 m/s ≈ 70 km/hr

Initial speed

N/A

50 m/s ≈ 180 Km/h

61 m/s ≈ 220 km/h

The answer to the assessment question is:
3) 10 m/s
Difficulties: Students may not be secure with handling a non-linear equation (see
chapter 1). If students to continue to struggle after assistance, providing
rearrangements of the equation so they can focus on the physics is suggested.
Stretch: For very secure students, you might discuss the derivation of the equation
v2 – u2 = 2as.

39

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

PUPILS WILL NEED SOME GRAPH PAPER FOR THIS TUTORIAL
The velocity-time graph
There is an example in the slides to help you demonstrate the velocity-time graph.
Pupils then have two practice questions in their handbooks. The answers are:
1. a) The vehicle is stationary for one second.
b) The vehicle accelerates at 2 m/s2 for one second.
c) The vehicle travels at a constant velocity for one second.
d) The vehicle decelerates at 1m/s2 for one second.
e) The vehicle travels at constant velocity for one second.
f) The vehicle decelerates at 1 m/s2 for one second.
g) The vehicle accelerates at 1 m/s2 in the reverse direction for one second.
2. Please work out the graph to answer this question prior to the tutorial.
The answer to the assessment question on the slides is:
2. Moving at constant velocity
Difficulties: Inferences with the velocity-time graph are likely to be confused with
inferences with the distance-time graph. For example, plateaus in the velocity-time
graph may be interpreted as zero velocity. Negative velocity may need some
explaining.
Stretch: Students could sketch the distance-time graphs for the velocity-time
graphs featured in this section.
Calculating acceleration from a velocity-time graph
There are two examples provided for calculating acceleration from a velocitytime graph, and three practice questions in the pupil handbook. The answers to these are:
1. 0-1 minute: 0 m/s2
1-2 minutes: 2 m/s2
2-3 minutes: 0 m/s2
3-4 minutes: -1 m/s2
4-5 minutes: 0 m/s2
5-6 minutes: -1 m/s2
6-7 minutes: -1 m/s2
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2. a) 0.1 m/s2
b) 0.07 m/s2
The answer to the assessment question is:
2. Each car has a constant acceleration
Difficulties: Students who are not secure with calculating gradients will experience
difficulty with this objective, in particular gradients of tangents. Referring to
Chapter 1 may be useful. Irrespective of their security with the mathematical skills,
students will likely find it challenging to inspect velocity-time graphs and make
fluent inferences about acceleration until they have had sufficient practice. In
addition, there may be confusion with inferences based on their understanding of
gradients in distance-time graphs.
Stretch: Secure students could describe a journey they are familiar with e.g. bus
journey to school, and to sketch the distance-time graph and velocity time graph.
Calculating displacement from a velocity-time graph
Finally, there is an example to work through for calculating displacement from a
velocity-time graph. The answers to the two practice questions are:
1. 0-1 minutes: 1. 0m
1-2 minutes: 60m
2-3 minutes: 120m
3-4 minutes: 45m
4-5 minutes: 60m
5-6 minutes: 30m
2. 25m

The answer to the assessment question is:
2. Between 1 and 2 minutes, the car travels 60 m
Difficulties: Students may have trouble estimating the area under a curve by
counting squares. They should be directed to consider half-squares (loosely
defined) where the curve cuts through a square.
Stretch: Students secure with determining area under the graphs might consider
velocity-time graphs including negative velocities. What happens when we have
areas above and below the x axis?
At the end of this tutorial you will guide pupils through a set of confidence and Knowledge
Check questions. You will also complete a reflection exercise so that pupils can take time
to think about what they found challenging and where they did well – you’ll find more
details about this on the relevant tutorial slides. Answers for Knowledge Checks are found in
the Appendices.
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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

Tutorial 4.1 - Forces
PUPILS WILL NEED SOME EXTRA PAPER FOR THIS TUTORIAL
In this tutorial you will look at:
1.

Free body diagrams

2.

Examples of forces

3.

Weight

At the beginning of this tutorial you will guide pupils through a set of confidence and
Knowledge Check questions – you’ll find more details about this on the relevant tutorial
slides. Answers for Knowledge Checks are found in the Appendices.
Free body diagrams
After ascertaining that pupils understand the keywords ‘scalar quantities’ and
‘vector quantities’, there are examples of free body diagrams on the slides to
share with pupils.
The answers to their practice questions are:
1. a) 4 N 270◦
b) 7.4 kN 050◦
c) 7.4 N 320◦
2. You should draw the free body diagrams for yourself prior to the tutorial.
The assessment question answer is:
2

4N

5N
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Difficulties: Students finding this section difficult might work on squared paper or
graph paper to reduce the level of challenge.
Stretch: Can the student draw a free body diagram representing themselves in
their seated position? (weight and normal contact force).

Examples of force
Explain the keywords ‘contact forces’ and ‘non-contact forces’ and work
through the examples on the slides.
Pupils may come up with a variety of answers to the first practice questions. Some
examples answers are:
1. a) Rubbing hands together
b) Parachute jumper
c) Swimmer
d) Tension in a rope on a rope swing
e) Force experienced by a boat
f) The force on the wings of a plane
g) The force acting upwards on a book lying on a table
h) The force acting on a person towards earth (their weight)
i) The force keeping an electron in orbit around the nucleus of an atom
j) The force pulling the needle of a compass towards the north
For questions 2-4 you should draw the free body diagrams yourself before the tutorial.
The answer to the assessment question on the slides is:
3

Normal reaction
force

Weight

Difficulties: Students may have very informal understandings of the forces
introduced here, and may confuse terms like air resistance and friction, upthrust
and lift. The first exercise in the practice section should provide an opportunity for
discussion. They may also know the forces by different names e.g. reaction force
for normal contact force or drag for air/water resistance. Inspect the specification
of the exam board relevant to the students to ensure correct terminology.
Stretch: Students could discuss the origin of the forces listed. For example, why
does friction occur?
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Weight
Work through the explanation and example on the slides with pupils.
The answers to the practice questions are:

Planet

g (N/kg)

Mass (kg)

Weight (N)

Mercury

3.7

70

259

Venus

8.8

70

616

Earth

9.8

70

686

Mars

3.7

70

259

Jupiter

24.7

70

172

Saturn

10.5

70

735

Uranus

9.0

70

630

Neptune

11.7

70

819

2. a) 2 × 10−9N = 2nN
b) 0.000029 N = 2.9 × 10−5 N = 29μN
c) 0.98N
d) 49 N
e) 9800N = 9.8kN
3. a) 540 kg
b) 510 kg
c) 110 kg
The assessment question answer is:
3. The weight of the astronaut will be more on the Earth than on the Pluto.
Difficulties: There is much confusion between mass and weight, and the terms are
often used synonymously. Underlining that their weight changes depending on
where they are in the solar system, but that their mass remains constant, is a helpful
device for differentiating the two ideas.
Stretch: Students could explore how g varies around the Earth, and hence how
their weight would vary around the planet.
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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
Finding resultant force for forces acting along a line
Explain the keyword ‘resultant force’ and work through the examples on the slide
for forces acting along a line. The answers to the pupil’s practice questions are:
1. a) 3N
b) 1N
c) 5N
2. b) Resultant force = 500 N
3. b) Resultant force = 0.1 kN

For questions 2 and 3, parts a) and c) you should work out the free body diagrams yourself
prior to the tutorial.
The answer to the assessment question is:
Diagram 2 has the largest resultant force.
Finding resultant force for forces acting at right angles
Work through the example steps for how to find the resultant force for forces
acting at right angles. The answers to the practice questions are:
1. Force = 920 N
2. Force = 340 N
3. Force = 11 kN
The fourth diagram shows the correct resultant force for the assessment question.
Difficulties: Vector addition is likely to be a new and challenging concept for
students. Vector addition along a line should not present too much difficulty, but
use of the ‘parallelogram of forces’ for vectors at right angles might. The
‘parallelogram of forces’ is a device recommended for students to start out with
vector addition. The difficulty is compounded by any existing issues that students
have with drawing diagrams to scale or using protractors for bearings.
Stretch: The ‘parallelogram of forces’ is a device that is introduced with no
explanation. For students that are comfortable with the device, you might discuss
the mathematics of vector addition, and why the device works. PhET has a vector
addition simulation that might be useful:
https://phet.colorado.edu/en/simulation/vector-addition
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Finding resultant force for forces at an angle to each other
Work through the example steps for how to find resultant forces for forces at an
angle to each other. The answers to the practice questions are:
1. 9.4 kN
2. 72 kN
3. 45 N
The answer to the assessment question is diagram 2.
Difficulties: This is a very challenging skill for students. They might have difficulty
identifying the parallelogram, and often draw a quadrilateral linking the vectors
that is not a parallelogram. Drawing the resultant force across the diagonal,
stemming from the body, also presents difficulties. These issues are compounded
by any problems the students have with drawing diagrams to scale or using a
protractor for bearings.
Stretch: As stated above, the ‘parallelogram of forces’ is a device that is
introduced with no explanation. For students that are comfortable with the device,
you might discuss the mathematics of vector addition, and why the device works.
PhET has a vector addition simulation that might be useful:
https://phet.colorado.edu/en/simulation/vector-addition
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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

Resolving a force into components
Work through the steps for resolving a force into components. The answers to
pupil’s practice questions are:
1. Horizontal Component = 6N, Vertical Component = 3N
2. Horizontal Component (left) = 15N, Vertical Component (down) = 30 N
3. a) Horizontal Component = 3N, Vertical Component = 3N
b) Resultant force = 3N
c) You should confirm this answer yourself prior to the tutorial
The answer to the assessment question is:
2. The horizontal component of the force is greater in magnitude than the vertical
component
Difficulties: This is an abstract idea for students, who will not be familiar with the
value of handling vectors in terms of their x and y components. Perhaps
highlighting the value can provide some motivation for this section. The later
problems involve resolving a force so that the resultant force of a system can be
determined. This requires students to combine their learning with learning from the
previous lesson, is likely to be very challenging for them.
Stretch: Confident students could be given a free body diagram with three vectors
to handle, and the challenge of finding the resultant force.
Forces on an inclined plane
There is an example to work through on slide 8. The answers to the practice
questions are:
1. Resultant forces = 350N, 350N, 500N
2. Resultant forces = 4.2kN, 2.8kN, 1.4kN, 4kN
3. You should draw this diagram yourself prior to the tutorial
The answer to the assessment question is:
3. The weight of the mass is perpendicular to the plane.
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Difficulties: When sketching their own diagrams, the forces are likely to wander
away from their correct directions. Watch out for normal contact forces that are
not normal to the plane, weight that doesn’t act directly downward, and friction
that doesn’t act parallel to the ramp in the right direction.
Stretch: Students secure with the idea of forces on a plane could consider how the
forces would change if the angle of the ramp changed.
Resolution of weight on an inclined plane
Work through the steps for resolving weight on an inclined plane. The answers to
practice questions are:
1. a) Parallel to slope = 14N, Perpendicular to slope = 14N
b) Parallel to slope = 11N, Perpendicular to slope = 17N
c) Parallel to slope = 9N, Perpendicular to slope = 18N
2. The box will slide down the ramp.
The answer to the assessment question is:
4. 60N
Difficulties: The example is for a ramp at 45°. Students might find resolving the
weight on ramps at different angles (as in the first question) very challenging. Using
a set-square ruler could be very helpful here.
Stretch: Finding the resultant force for inclined plane problems is beyond the scope
here, but confident students might attempt to determine resultant force after
resolving weight.
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Tutorial 4.4 – Force and elasticity
PUPILS WILL NEED SOME EXTRA PAPER FOR THIS TUTORIAL
In this tutorial you will look at:
1.

Elasticity

2.

Hooke’s Law

3.

Equation for Hooke’s Law

Elasticity
After talking through elastic and inelastic objects, the answers to the pupil
practice questions are:
1. a) A spring is elastic. Play doh is inelastic
b) To test if an object is elastic you could deform it to test whether it returns to its
original shape.
2. a) 5N down, 5N up.
b) 7N down 7N up.
3. a) 7.8cm
b) 1.5cm
c) 9.3cm
4.
Spring

Natural length (m)

Extension (m)

New length (m)

A

0.10

0.01

1.1

B

0.10

0.05

0.15

C

0.1

0.02

0.12

The answer to the assessment question is:
4. new length = natural length + extension
Difficulties: The wording of questions can sometimes trip students up here – they
should be clear on what they need to calculate: natural length, extension or new
length. Students also have trouble identifying extension in diagrams. For example,
they might measure extension from the tip of the spring at natural length to the
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bottom of the mass on the extended spring. They should be reminded to measure
from ‘tip to tip’.
Stretch: Students might explore the applications of springs in science and
technology, and why an understanding of their behaviour is useful.
Hooke’s Law
Pupils have Hooke’s Law in their handbooks. Ensure they understand it before
setting the practice questions.
1. a) 0-7N. The graph is a straight line through the origin for this range.
b) Extension = 0.035m
c) After the limit of proportionality is reached the extension increases more quickly
with force.
2. a) 0.015m
b) 0.17m
c) 6N
3. Spring B is the stiffest.
The answer to the assessment question is:
4. Between 0 and 5 N, Y is stiffer than X.
Difficulties: Students not comfortable with the idea of direct proportionality will not
be able to appreciate Hooke’s law fully. Referring to Chapter 1 may be helpful in
this instance.
Stretch: Students might discuss the behaviour of a spring beyond the limit of
proportionality. The elastic limit is not introduced until A-level, but might be
introduced here as long as it is clearly distinguished from the limit of proportionality.
Equation for Hooke’s Law
Run through the example for F = ke. The practice question answers are:
1. a) 37.5N
b) 0.07m
c) k = 1000 N/m
2. 200 N/m
3. Y: k = 200 N/m. X k = 100 N/m
The answer to the assessment question is:
4. 100 N/m
Difficulties: Discriminating between e vs F graphs and F vs e graphs, and then
interpreting the physical meaning of the gradient, is a sticking point.
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Stretch: Students could discuss applications of springs in relation to stiffness. They
could try to estimate the spring constant for a spring in the suspension of a car, a
watch, a pen, a mattress…
At the end of this tutorial you will guide pupils through a set of confidence and Knowledge
Check questions. You will also complete a reflection exercise so that pupils can take time
to think about what they found challenging and where they did well – you’ll find more
details about this on the relevant tutorial slides. Answers for Knowledge Checks are found in
the Appendices.
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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

Tutorial 5.1 – Newton’s first law of motion
PUPILS WILL NEED SOME EXTRA PAPER FOR THIS TUTORIAL
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

At the beginning of this tutorial you will guide pupils through a set of confidence and
Knowledge Check questions – you’ll find more details about this on the relevant tutorial
slides. Answers for Knowledge Checks are found in the Appendices.

Newton’s laws of motion are introduced at GCSE. Students develop a fuller appreciation of
the laws at A-level.
Newton’s first law applied to stationary objects
Newton’s first law, an explanation and example of Newton’s first law applied to
stationary objects is given on the slides. Pupils then have three practice question
to complete:
1. a) The toy remains at rest.
b) The toy accelerates to the right since there is an unbalanced force acting on it in
this direction.
2. a) No unbalanced force
b) Upthrust is larger than weight.
c) Weight is greater than upthrust.
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The answer to the assessment question is:
3. The rope remains stationary
Difficulties: This section assumes security with free-body diagrams and
determination of resultant force (see earlier lessons). A recap of these ideas prior to
discussing Newton’s first law would be useful. Generally, students find the first law
as applied to stationary objects to be intuitive.
Stretch: Students could provide examples in everyday life when Newton’s first law
(as applied to stationary objects or soon-to-be-moving objects) is evident. For
example, a car that is stationary and then begins to pull away.
Newton’s first law applied to objects in motion
After the explanation and example in the slides, pupils have two practice
questions. The answers are:
1. a) The cyclist moves at constant speed since there are no unbalanced forces.
b) The cyclist now accelerates forward as there is an unbalanced force in that
direction.
2. a) Equal forces left and right and equal forces up and down.
b) Equal forces up and down. Force in the forward direction greater than backward.
c) Equal forces left and right. Downward force greater than upward force.
The answer to the assessment question is:
4

Not constant

Not zero

Difficulties: Newton’s first law as applied to moving objects is generally not intuitive
for students. A common misconception is that for an object to keep moving, there
must be a resultant force upon it. Students also have difficulty interpreting to law in
the context of circular motion (this is tested in the assessment item). Circular motion
is developed a little in another section of the GCSE course (under space physics in
relation to orbits), but is not covered comprehensively until A-level.
Stretch: Following the assessment item, a vector diagram could be shared to show
the direction of the resultant force. The origin of this force is hard for students to
understand in the context of a car on the road (friction), but might be easier to
understand in the context of a ball on a string moving in a horizontal circle
(tension).
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Summary of Newton’s first law
Recap on Newton’s first law and work through the additional examples. Pupils
then have two practice tables to fill in with a free body diagram, the resultant
force and motion.
Please complete the answers in the tables for yourself prior to the tutorial.
The answer to the assessment question is:
1. The cyclist is travelling at constant velocity
Difficulties: A common misconception is that if the resultant force is backwards, the
car is moving backwards, whereas in the example given, the backward resultant
force simply slows down a vehicle moving forward. This is worth probing explicitly
with students.
Stretch: Students confident with this material might consider the resultant forces
acting upon them during a familiar journey e.g. bus to school.
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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 of motion
Begin by introducing Newton’s second law of motion. The answers to the pupil
practice questions for activity 1 are:
1.
2.
3.
4.

A, C, D, B
6 m/s2
B, A, D, C
40 m/s2

The answer to the assessment question on the slides is:
4. 8 m/s2
Difficulty: This section assumes security with direct and inverse proportionality. A
recap of these ideas would be useful (see chapter 1). Students struggling with the
physical interpretation might consider extreme situations e.g. hitting objects of
different masses with a baseball bat, using varying force. For example, hitting a
ball or hitting a car with 200 N of force will yield very different accelerations for the
two objects.
Stretch: Students could suggest other examples where the resultant force or mass
of an object changes.
Calculations with Newton’s second law
Next up, run through how Newton’s second law can be expressed as an
equation, and the accompanying example. Pupils then have three practice questions:
1. A, C and D, B
2. a) 7 × 106N
b) 35 × 107N
c) 1.9 × 106kg
3. a) It is known as the law of inertia as an object will remain stationary or at constant
speed unless acted upon by a resultant force.
b) Inertial mass = Applied force/acceleration produced by force.
The answer to the assessment question is:
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2. The braking force on the car is equal to 5000 N
(Assuming frictional forces are negligible, otherwise the braking force is less than
5000N)
Difficulties: The law is often presented as F=ma, but a=F/m is a more meaningful
presentation, because it is a that depends on F and m. The idea of inertial mass is
touched upon in the practice section and will likely need further discussion.
Stretch: The full version of Newton’s second law (proportionality between rate of
change of momentum and resultant force) is developed in GCSE Physics after
momentum is introduced. There was not room to include this content in this
chapter, but students who are confident with Newton’s laws might appreciate a
derivation of F=ma.
Newton’s third law of motion
Introduce Newton’s third law and the example on the slides. Pupils then have
three practice questions in their handbooks:
1. All forces in table equal to the stated force. Please sketch examples diagrams for
the situations in the table before the tutorial.
2. a) The boat’s propeller pushes the water backwards and according to Newton’s
third law the water pushes the propeller forwards with a force equal in magnitude
(and opposite in direction). This force causes the boat to move forward.
b)
i. The helicopter blades pushes the air downwards while the air exerts an
equal and opposite force upwards.
ii. The jet engine pushes the jet fuel backwards. The jet fuel exerts an equal
and opposite force on the jet engine.
iii. The rocket engine exerts a force on the rocket fuel which is fired from the
engine and the fuel exerts an equal and opposite force on the rocket
causing it to accelerate forwards.
3. The 60kg skater accelerates at 0.83 m/s2 and the 80kg skater accelerates at 0.63N.
The answer to the assessment question is:
2. The water exerts a force equal to 100 N on the hosepipe
Difficulties: Incorrect classification of force pairs is a common issue here. For
example, weight and normal contact force are commonly represented in free
body diagrams, but are not a force pair in the context of Newton’s third law.
Rather, normal contact force on the Earth due to the object and normal contact
force on the person due to the Earth is a force pair. And the weight of the person
due to the Earth along with the ‘weight’ of the Earth due to the person is another
force pair. Students should realize that a free-body diagram consider all the forces
acting on one body, whereas force pair diagrams involve two bodies. (Note:
students may accept the idea that the Moon exerts a gravitational force on the
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Earth (as visible with tides), but will finder it harder to accept that they exert a
gravitational force on the Earth).
Stretch: Students comfortable with Newton’s laws might discuss how the force of
propulsion could be increased, by considering the mass and change in velocity
per unit time (acceleration) of ejected fluids in jet engines, rockets and helicopters,
or even a simple hosepipe (see assessment item).
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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

Reaching terminal velocity
Start with explaining terminal velocity. There is an example in the slide to help.
Then pupils have a table and practice questions in their handbook. The answers
are:
1.
Stage

Free body diagram

Resultant force (N)

Acceleration (m/s2)

1

700

10

2

350

5

58

3

175

2.5

4

0

0

2. Initially there are no resistive forces so the skydiver accelerates due to their weight,
as their speed increases the resistive forces increase therefore the resultant force
decrease so that the skydiver continues to accelerate at a reduced rate until they
terminal velocity at which point the resistive forces equal the weight so there is no
resultant force and the sky diver no longer accelerates.
3. a) The resistive force at a given velocity (due to the similar cross sectional area)
would be the same but since the weight is smaller the skydiver would accelerate less
quickly. The terminal velocity would be reduced since a smaller resistive force would
be needed to equal the smaller weight of the sky diver.
b) The less dense air would lead to reduce resistive forces at a given velocity. The sky
diver would therefore accelerate more quickly and reach a higher terminal velocity.
c) The wing suit would increase resistive forces and therefore reduce the
acceleration and terminal velocity.
The answer to the assessment question is:
3

Decreases

Increases

Difficulties: Understanding terminal velocity requires security with numerous
elements introduced in earlier lessons. Revision of free-body diagrams and
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Newton’s first and second laws might be helpful. Students may resist the idea that
a skydiver has zero resultant force acting upon them at some point during freefall.
With reference to the difficulty of applying Newton’s first law to moving objects,
they may state the skydiver is stationary when the resultant force equals zero,
rather than travelling at terminal velocity.
Stretch: Prompted by the last question in the practice section, students
comfortable with terminal velocity might try to generalize the factors that affect
the value of terminal velocity (mass, cross-sectional area…). They might make
predictions about the relative terminal velocity of different objects in freefall (an
ant, a person, an elephant…)
Graphs involving terminal velocity
Here you may need to re-cap or explain how to calculate distance, velocity and
acceleration from graphs, which is covered in more detail in module 3.
The answers to the pupil practice questions are:
1.
Time (s)

Distance fallen (m)

Velocity (m/s)

Acceleration (m/s2)

0

0

0

10

3

40

28

9

6

140

43

3

9

280

51

1

12

430

52

0.5

15

580

53

0

2. a) 53 m/s
b) 13 s
c) 480m
d) 0 m/s2
3. a) The resultant force on the skydiver is upwards immediately after the parachute is
open, as they decelerate the resistive forces decrease so that eventually they
balance the weight of the skydiver (at which point a new terminal velocity is
reached).
b) The skydiver initially decelerates (their acceleration is negative) at a decreasing
rate until reaching a new terminal velocity.
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c) The velocity of the skydiver decreases until reaching a new terminal velocity and
then remains constant.
The answer to the assessment question is:
3. The gradient of the curve at 14 seconds
Difficulties: This section assumes familiarity with distance-time and velocity-time
graphs. A recap of the key ideas would be useful (see chapter 3). Students might
find the question relating to the opening of a parachute (and the reaching of a
second, lower terminal velocity) to be quite demanding.
Stretch: Students comfortable with terminal velocity might try to sketch the
velocity-time graph for different objects in freefall, for example, heavier and lighter
skydivers, wingsuited and nosediving skydivers…
Examples of objects reaching terminal velocity
There are some examples of real objects reaching terminal velocity on the slides.
Pupils then have several practice questions to complete in their handbook. Answers are:
1.
Stage

Free body diagram

Resultant force

Acceleration

1

Diagram should show
engine thrust, no
resistance

Greatest resultant

Greatest acceleration

2

Diagram should show
engine thrust forward
increased, resistance
backwards

Reduced forward force

Reduced acceleration

3

Diagram should show
engine thrust forward
increased, resistance
backwards

Reduced forward force

Reduced acceleration

4

Diagram should show
equal engine thrust and
resistance backwards

0

0
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2.
Stage

Free body diagram

Resultant force

Acceleration

1

Diagram should show
weight downwards,
smaller upthrust, no
resistance

Greatest resultant (downwards)

Greatest acceleration

2

Diagram should show
weight downwards,
smaller upthrust up, some
resistance up

Reduced downward force

Reduced acceleration

3

Diagram should show
weight downwards,
smaller upthrust up,
increased resistance up

Reduced downward force

Reduced acceleration

4

Diagram should show
weight downwards,
smaller upthrust up,
increased resistance up,
resistance and upthrust
equal weight

0

0

3. B: 0.12 m/s
A: 0.24 m/s

The answer to the assessment question is:
2. Thrust equals the sum of weight and air resistance
Difficulties: Students may be familiar with the idea of terminal velocity in the
context of freefall, but examination questions can assess understanding in very
different contexts, such as an accelerating car. Students may have difficulty in
transferring their understanding from the familiar to the less familiar contexts, so a
reiteration of the fundamentals might be necessary for each new context.
Stretch: Students might discuss how to maximise the terminal velocity for vehicles in
fluid, by considering thrust and streamlining.
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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

Thinking distance
Start with the explanation and examples of thinking distances. Then the answers
to the practice questions are:
1. a) Completely alert – 7, using hands-free mobile phone – 9, very tired – 11
b) Completely alert – 14, using hands-free mobile phone – 18, very tired – 22
2. a) The graph is a straight line through the origin. This shows direct proportion.
b) 0.7 s
c) Straight line graph through the origin with a steeper gradient.
The answer to the assessment question is:
1

Increases

Increases

Difficulties: ‘Thinking distance’ is an odd construct and students will often interpret
the quantity incorrectly. Underlining that the clue is in the name (the distance
travelled while thinking) is helpful. Watch out for issues with reaction time: students
will often mistake ‘increased reaction time’ for ‘improved or faster reaction time’,
when in fact an increased reaction time means a longer or slower reaction.
Stretch: Students might discuss tests of reaction time. Free online tests exist, and
students might collect data, leading to discussions about data analysis from
chapter 2 (averages, uncertainty etc).

Braking distance
Now move on to braking distance. The answers to the practice questions are:
1. a) 5 m/s2
b) 40m
2. a) 8400N
b) 87.5m
3. a) Multiplied by 4.
b) New line lies above old line.
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The answer to the assessment question is:
3

Decreases

Increases

Difficulties: This section assumes security with various equations introduced
previously. Any difficulties that the students have with the concept of braking
distance will be compounded by problems they have with any of the equations.
Recapping these equations at the outset will be helpful.
Stretch: Students confident with braking distance might be introduced to ideas
about safe braking forces, the dangers of skidding, anti-lock braking systems, and
a general discussion about friction in these contexts (this can become quite
complex and can wander into A-level and degree territory quite quickly).
Stopping distance
Finally move on to stopping distance. The answers to the pupil practice questions
are:
1. a) Thinking distance = 8m, Braking distance = 12.5m
b) Thinking distance = 12m, Braking distance = 22.5m
c) Thinking distance = 14m, Braking distance = 10m.
d) Thinking distance = 8m, Braking distance = 25m.
2. a) 0.8 s
b) 8m
c) 5 m/s2
d) 7500 N
e) 10m
f) 18m
3. Same thinking time, diagonal line has a shallower gradient.
The answer to the assessment question is:
1. Arrow 1, where thinking distance and braking distance have increased.
Difficulties: This section assumes security with much content from previous
lessons/chapters. Identifying prerequisites and recapping will be useful here.
Stretch: Students might evaluate the relative importance of factors affecting
stopping distance by systematically calculating distance as a function of speed,
mass, reaction time, braking force. Results could be plotted on a graph, with a
discussion of implications for road safety.
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At the end of this tutorial you will guide pupils through a set of confidence and Knowledge
Check questions. You will also complete a reflection exercise so that pupils can take time
to think about what they found challenging and where they did well – you’ll find more
details about this on the relevant tutorial slides. Answers for Knowledge Checks are found in
the Appendices.

65

Tutorial 14 – Refresher Session
This tutorial gives you the opportunity to catch up or revisit content, or expand on one of
the topics you’ve covered.
Here are a few different approaches for using this tutorial effectively. You can use your own
judgement when planning this session and get in touch with your Programme Officer if you
need support.

Approach 1: Continue completing a module


If one of the modules is taking longer to complete, this session can be used to
continue teaching



You could also complete the final Knowledge Check for the last module you
covered in this tutorial

Approach 2: Revisit challenging concepts


Identify an area of the course where pupils struggled to master a concept or
theme - revisit this concept and address misconceptions



Formative assessment can help you to decide which topic to revisit.



These prompts can help guide your approach:
•

Consider if a particular method worked effectively for another area of the
course and use it here

•

Think about how you can scaffold the learning further by breaking it down
into smaller chunks

•

Explore ‘wrong’ answers and support pupils to explain why they are wrong to
help address misconceptions.

Approach 3: Stretch and challenge


Review pupil progress and identify an area of the course where pupils mastered
a concept confidently - further stretch and extend pupil learning



This could involve bringing in a higher-level concept. For example, you could
consult the National Curriculum to see how the concept is further developed as
pupils progress through school



Consider linking the learning to your own research/degree or encourage pupils
to explore how it applies to real world issues. Encouraging pupils to ask questions
can help to create a rich and exciting discussion
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Tutorial 15 – Feedback and Reflections
Tutorial 15 is a chance to celebrate pupil progress and successes, encourage further selfreflection and support pupils to look ahead in their learning.
You can find slides to support with delivering this session on the website:

thebrilliantclub.org/already-working-with-us/btp
Session Structure

Section

Suggested Time

Additional Information

Group feedback

15 mins

Start by reviewing trends and results from
Knowledge Checks and provide some broad
group feedback. For example, share areas of
strength and celebrate group successes.

Individual Feedback
and Self-Reflection

15 mins

Next, share individual feedback forms with
pupils. Give pupils 5 minutes to review their
feedback independently then use the
feedback to help them with some selfreflection.

Looking ahead

15 mins

You should encourage pupils to consider what
skills they we developed through BTP tutorials
and how do these link to their future learning.
Pupils can complete a worksheet on the skills
they have developed.
We’d love it if you also use this time to share
some of your own experiences of higher
education and answer questions from students
about university.

Post-Programme
Survey

15 mins

Pupils will complete a post-programme survey
using the link and codes your Programme
Officer shares with you.
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Appendices
Knowledge Check answers
Module 1 – Maths skills in Physics
1. d) 0.0001m
2. a) 9.84 x 106 m2
3. b) 9,300 cm3
4. c) 𝑎 =

𝐹
𝑀

5. a) 1.3 N
𝑃

6. b) 𝐼 = √𝑅
7. d) 0.25 W
8. d) 0.025 s
9. b) graph b
10. b) The current is directly proportional to the potential difference
11. d) Y is proportional to X
12. c) 𝑌 = 20𝑋 + 100
13. d) -15
14. c) graph c
Module 2 – Practical skills in Physics
1. b) reject the hypothesis.
2. c) You get the same results every time you conduct the same experiment
3. d) Somebody else can conduct the same experiment and get the same result
4. c) Temperature of water
5. b) Time taken to dissolve sugar
6. a) Same volume of water
7. b) Thermometer
8. a) Stopwatch
9. c) Measuring beaker
10. d) All of the above
11. b) 0.01 g
12. d) Parallax error
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13. a) Repeat the experiment a number of times and take an average value of all the
readings
14. a) 0.2 cm
15. c) 9.2 cm
16. b) 5.0 cm
17. c) 0.1 cm
Module 3 – Motion
1. c) 4.47 km
2. a) 25 m/s
3. c) The direction of travel is constantly changing
4. b) 10 m
5. d) 2.5 m/s
6. a) 4.5 m/s
7. b) The direction of travel is constantly changing
8. c) 2 m/s
9. a) 1.75 m/s2
10. c) 5 s
11. b) 0.4 m/s2
12. b) 5 m
Module 4 – Force
1. c) diagram c
2. a) diagram a
3. d) 50 N
4. d) 3 N to the left
5. a) diagram a
6. c) diagram c
7. d) diagram d
8. d) diagram d
9. c) diagram c
10. b) 15 mm
11. 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.
12. b) 5 cm
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Module 5 – Force and motion
1. b) diagram b
2. d) diagram d
3. 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.
4. c) The acceleration doubles
5. b) 5 m/s2
6. b) A thrust of 50 N to the right
7. 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.
8. d) 53 m/s
9. b) diagram b
10. b) 3.6 m
11. d) 12 m
12. a) 15.6 m
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