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	Route
	Engineering and Manufacturing

	Qualification
	T Level Technical Qualification in Engineering and Manufacturing (Core) 8730
www.cityandguilds.com/qualifications-and-apprenticeships/engineering/mechanical/8730-t-level-technical-qualification-in-engineering-and-manufacturing-core 
T Level Technical Qualification in Maintenance, Installation and Repair for Engineering and Manufacturing (Level 3) 8712, version 1.4, March 2026, 610/0692/0 
T Level Technical Qualification in Engineering, Manufacturing, Processing and Control (Level 3) 8713, version 1.6 May 2026, 610/0971/4 
T Level Technical Qualification in Design and Development for Engineering and Manufacturing (Level 3), 8714, version 1.5 March 2026, 610/0516/2 

	Topic
	Manipulating equations and calculus

	Specification coverage
	4 Essential mathematics for engineering and manufacturing
4.1 Applied mathematical theory in engineering applications
· Algebra – Manipulating equations, Calculus – Differentiation and integration


This resource is part of a series of materials to support technical education teaching. The approach to developing the materials draws from research led by Professor Kevin Orr that sets out a model for understanding of technical education pedagogy.
The curriculum development begins with the knowledge that students are working to learn and apply. Teachers draw from their subject and industry expertise, and their knowledge of their students, to make decisions about the core concepts the curriculum will focus on, how they will sequence these concepts, and the activities that are selected to support students’ learning. The decisions behind the resources suggested in this topic are the result of choices made by the curriculum development team, which will be reviewed and improved by teachers’ decision-making and ongoing reflection in their own circumstances.
The materials also seek to support teachers in bringing classroom and industry closer together, by providing assets that draw from authentic industry materials, and using opportunities to capture workplace practice that can be shared with students.
HEALTH AND SAFETY 
It is assumed that activities outlined in this Teaching Guide will be undertaken in suitable facilities or work areas by suitably trained personnel and that good practices, appropriate use policies and procedures will be observed. Teachers should consult their employers’ risk assessments before use and consider whether any modification is necessary for the particular circumstances of their own class/institution.
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[bookmark: _Toc231906044][bookmark: _Toc231906939]Introduction
This document for teachers outlines both the topic area covered and the approach to using the suite of resources and assets for each lesson.
[bookmark: _Toc227845865][bookmark: _Toc231906940]Topic purpose
The purpose of this topic is to develop the fundamental mathematical skills required in engineering to support application of algebra and calculus. Students can then apply these mathematical skills to projects, industry placements and in preparation for assessments. 
The topic comprises of five resources that cover the following mathematical skills:
· Unit conversions: Highlighting the critical nature of using standard units (SI) and converting accurately between them. (Resource 1)
· Formulae and rearrangement: Establishing proficiency in using and rearranging standard engineering formulae (including Torque, Ohm's Law and Gas Laws) to solve problems. (Resource 2)
· Mechanical calculations: Applying formulae to a practical engineering context, in this case, belt systems to calculate key operational parameters like speed, torque, and power. (Resource 3)
· Calculus: Applying differential calculus for engineering optimisation (maxima and minima) and integral calculus for calculating cumulative effects (for example, total energy or displacement), ensuring accurate prediction of system performance in real-world contexts. (Resource 4 – Differentiation, Resource 5 – Integration)
These materials have been designed as standalone resources that teachers can integrate into existing schemes of work. Each resource focuses on developing key mathematical skills within realistic industry contexts. They are structured to provide flexibility, allowing teachers to choose the depth of coverage and, if needed, deliver the content across multiple shorter lessons.
Readiness checks are provided for each resource to help assess students’ prior knowledge and skills in order to identify any gaps in understanding of the foundational maths that will be built upon. Optional recap and worked example material is provided to try to bridge these gaps, but teachers may want to adapt these depending on the knowledge of the students.
Students should be able to apply these mathematical skills to any project, work placement, or assessment. Engineers rely on these skills to calculate, predict, and optimise almost every aspect of what they design or manufacture, making them essential. In particular, calculus enables engineers to model real-world systems accurately and make more informed decisions. There are also opportunities to build several essential skills that are developed during the course, including through the Employer Set Project (core skills), and general competencies for maths, English and digital. 
The content in the lessons can be reinforced throughout the course to support students’ learning. For example, when reviewing a machine's specification or a material's safety data sheet, one objective can be for students to identify a technical calculation being used. This could involve:
· Rearranging a formula (basic algebra) to solve for an unknown variable, such as solving for the force required to move an object over a specific distance. Working with numbers expressed in scientific notation (powers of 10) when dealing with material tolerances or flow rates.
· Performing arithmetic operations with decimals or fractions to calculate an area, volume, or ratio.
Students should then discuss the importance of accuracy in these calculations with their supervisor and note a specific, relevant calculation or measurement they observed in their logbook. For example: support.tlevels.gov.uk/hc/en-gb/articles/360015345420-Industry-placement-logbook-for-students
[bookmark: _Toc227845866][bookmark: _Toc231906941]Industry importance
Accurate mathematical calculation and unit consistency are non-negotiable foundations of all engineering and manufacturing disciplines. Mistakes in these areas lead to system failure, operational inefficiency and catastrophic costs. 
“Without maths, we wouldn’t be able to do our jobs. It’s a significant part of being an engineer. We work with complex problems – be they physics or strategy – but we always start out with basic principles and build up from there. This section of the T Level curriculum provides students with that essential grounding that they’ll fall back on time and again in the workplace.”
Mark Wynne, Director & Race Engineer, Penitus Motorsport / 
Race Engineer, Orange Racing by JMH 
[bookmark: _Toc227845867][bookmark: _Toc231906045][bookmark: _Toc231906942]Industry links
· The Royal Academy of Engineering: www.raeng.org.uk/education-and-skills/further-education/t-level-engineering-and-manufacturing/. This website has a specific section dedicated to teaching and studying a T level in Engineering and Manufacturing. It gives advice for students and teaching and learning resources for teachers that provide subject-specific knowledge.
· The Institution of Engineering and Technology: https://education.theiet.org/secondary/teaching-resources/essential-mathematics-for-engineering-and-manufacturing provides STEM teaching resources and classroom activities for students aged 11 to 19 years, including lesson plans, handouts and film clips.
General maths resources: Teachers may also use GCSE and A-level materials or other useful websites to support maths skills. Some useful links are shown below, however, these resources are not linked to industry skills or the context of T-Levels:
· MEI: https://mei.org.uk/ provides resources designed to support and inspire teaching and learning at every stage of mathematical education
· Advanced mathematics support programme: https://amsp.org.uk/ provides guidance and resources to support the teaching of Core maths, AS/A-level maths and further maths
· BBC Bitesize (maths): www.bbc.co.uk/bitesize/subjects/z6vg9j6 provides clear explanations, revision notes and quizzes on various mathematical topics
· Maths is Fun: www.mathsisfun.com covers mathematical concepts with simple explanations, puzzles and interactive activities
· NRICH maths: https://nrich.maths.org/ offers problem-solving challenges and activities suitable for students aiming to stretch their mathematical thinking
Topic-specific Engineering Maths resources: For targeted support with the specific mathematical topics in this unit:
· Mechanics & Physics (Isaac Physics): https://isaacphysics.org/ is an online platform offering problem-solving activities that link physics principles (force, motion, energy) directly to mathematical calculations
· Engineering Contexts (STEM Learning): www.stem.org.uk/secondary/careers/resources/engineering-in-school/maths is a collection of resources that contextualise mathematical topics (like geometry and calculus) within real-world engineering scenarios
· Mathcentre: www.mathcentre.ac.uk/ offers quick-reference leaflets, video tutorials and teach-yourself booklets on specific engineering maths topics
[bookmark: _Toc227845868][bookmark: _Toc231906943]Prior learning
[bookmark: _heading=h.tkjryb7j1qs9]For students to approach this material with confidence, a foundational understanding of several key mathematical and scientific concepts is essential. It is expected that all students will have achieved a minimum Grade 4 in GCSE mathematics or an equivalent assessment.
A strong grasp of basic algebra is required. This includes being proficient in substitution, which involves replacing variables with known values, and the ability to rearrange linear equations to isolate specific variables.
Students should be confident in performing the basic arithmetic operations addition, subtraction, multiplication and division when working with decimals and fractions. Finally, a critical skill in scientific contexts is the understanding and practical use of standard scientific notation, particularly the use of powers of 10 to express very large or very small numbers concisely.
From a physics or general science perspective, students should already be familiar with the fundamental concepts of force, distance and work. A clear understanding of what each of these terms represents and how they relate to one another is necessary to build upon in subsequent studies.
[bookmark: _Toc227845869][bookmark: _Toc231906944]Accessibility
The teaching materials have been designed to make them accessible to different groups of students and create a more inclusive environment. The materials provide teachers with a framework to adapt these to the needs of their students with a diverse range of activities and imagery to support the core pedagogical principles that underpin the programme. In many of the activities in lessons, there are different ways to undertake these, suggested consolidation activities to further embed knowledge and study questions which can be used flexibly to assess learning. The resource requirements for each lesson are outlined prior to the lesson content in the Teacher Guide with accessibility to a wide range of students at the forefront of the planning. As with all resources, teachers will wish to take into consideration individual Special Educational Needs and Disabilities (SEND) to mitigate any barriers that may arise and impact on learning. 
	Introduction
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Students' base level of mathematics knowledge and confidence with formulae may affect how much explanation and practice is needed. Drawing on the students' own experiences from maths/science lessons and industry placements will support this further. Engaging in whole-group discussions where appropriate and sharing experiences will help expose students to different applications of maths.
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[bookmark: _Toc231906046][bookmark: _Toc231906945]Learning outcomes and specification coverage
	Resource
	Learning outcomes
	Specification coverage
	Skills and General competencies
	Links to other specification content

	1 – Unit conversions
	Students will be able to:
explain the importance of SI units;
calculate quantities in desired units by converting between metric and imperial units;
calculate length, volume, force, and temperature in desired units by using unit conversions.
	4.1 Applied mathematical theory in engineering applications
Algebra – Manipulating equations
	Skills
CSE Communicate and present outcomes and evidence
General competencies
English:
EC1 Convey technical information to different audiences
EC6 Take part in/lead discussions
Maths:
MC1 Measuring with precision
MC2 Estimating, calculating and error spotting
Digital:
DC4 Process and analyse numerical data
	6.1 Engineering principles and their application (Specifically: Units of measurement)

	2 – Formulae 
and rearrangement
	Students will be able to:
calculate values by substituting into engineering formulae;
calculate any given variable by rearranging formulae;
calculate torque, pressure (Pascal's Law) and electrical quantities (Ohm's Law formulae).
	4.1 Applied mathematical theory in engineering applications
Algebra – Manipulating equations
	Skills
CSC Develop response/s using key skills and processes
General competencies
English:
EC5 Synthesise information
Maths:
MC4 Using rules and formulae
MC7 Interpreting and representing with mathematical diagrams
Digital:
DC4 Process and analyse numerical data
	6.1 Engineering principles and their application (Specifically: Units of measurement)

	3 – Mechanical calculations
	Students will be able to:
calculate speed ratio, torque, power and belt speed for a mechanical system;
explain the relationship between input power, output power and efficiency;
analyse an industry-relevant belt system scenario.
	4.1 Applied mathematical theory in engineering applications
Algebra – Manipulating equations
	Skills
CSC Develop response/s using key skills and processes
CSE Communicate and present outcomes and evidence
General competencies
English:
EC2 Present information and ideas
Maths:
MC3 Working with proportion
MC10 Optimising work processes
MC8 Communicating using mathematics
Digital:
DC4 Process and analyse numerical data
	6.1 Engineering principles and their application (Specifically: Units of measurement)

	4 – Calculus – Differentiation
	Students will be able to:
calculate the derivatives of polynomial functions using the power rule;
calculate rates of change using differentiation;
calculate maximum or minimum values in optimisation problems by setting the derivative to zero and using algebraic skills.
	4.1 Applied mathematical theory in engineering applications
Calculus – Differentiation and integration
	Skills
CSE Communicate and present outcomes and evidence
General competencies
English:
EC1 Convey technical information to different audiences
Maths:
MC2 Estimating, calculating and error spotting
	6.1 Engineering principles and their application (Specifically: Units of measurement)

	5 – Calculus – Integration
	Students will be able to:
calculate indefinite integral using the power rule in reverse for polynomial functions, including the constant of integration;
calculate the area under a curve (or cumulative quantities) given interval using definite integration;
calculate the constant of integration using initial conditions in engineering contexts.
	4.1 Applied mathematical theory in engineering applications
Calculus – Differentiation and integration
	Skills
CSE Communicate and present outcomes and evidence
General competencies
English:
EC1 Convey technical information to different audiences
Maths:
MC2 Estimating, calculating and error spotting
	6.1 Engineering principles and their application (Specifically: Units of measurement)



	Learning outcomes and specification coverage
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Resource guidance
[bookmark: _Toc227845870][bookmark: _Toc231906946]Resource 1: Unit conversions
This resource is designed to address the importance of being able to convert between units accurately, through providing real-life examples of what can go wrong when this does not occur or different units of measurement are used. Opportunities are then provided for students to develop unit conversion skills in a realistic scenario.
[bookmark: _Toc227845871][bookmark: _Toc231906047][bookmark: _Toc231906947]Preparation
	Resources provided
	Resource 1 Readiness check
Resource 1 Readiness check answers 
Resource 1 Slide deck
Resource 1 Worksheet
Resource 1 Worksheet answers
Glossary

	Equipment needed
	Teacher projection facilities with sound 
Internet access for classroom activities
Ruler / tape measure with metric
Measuring cylinder with metric
Teaspoons
Mugs or cups, ideally identical
Books or notebooks, ideally identical

	Safety factors
	None

	Prior learning
	Substitution into a formula / expression (GCSE maths)
Using mathematical formulae (GCSE maths)
Use the Readiness check to gauge prior learning. Guidance is given in the Activity guide.
You may wish to use this 10-minute recap video on conversions before the lesson or give to students to watch on their own: https://www.mathsgenie.co.uk/gcse/maths/edexcel/grade-1-1-4-metric-conversions/videos. There are other similar videos available. 

	Common misconceptions
	Confusing units of mass with units of weight (force), e.g. newtons and kilograms.
Incorrectly using or forgetting that the kelvin conversion is a simple addition/subtraction. The kelvin conversion (°C to K) simply shifts the zero point and does not involve scaling.
Adding a degree symbol to unit kelvin. The kelvin temperature scale does not use the degree (°) symbol. Its abbreviation is just K.
Incorrectly setting up the conversion fraction (e.g. dividing when they should multiply, or vice versa). Demonstrate that the original unit must be in the denominator of the conversion factor to ensure it cancels out correctly, leaving only the desired final unit.

	Accessibility
	Seek to ensure wide representation for any visiting speakers and case studies used.
Microsoft Equation Editor has been used for all maths equations to make it accessible to screen readers.


[bookmark: _Toc227845872][bookmark: _Toc231906048][bookmark: _Toc231906948]Activity guide
	Readiness check
SUGGESTED TIME: 
10 minutes
RESOURCES: 
R1 Readiness check
R1 Readiness check answers
	Give students the R1 Readiness check and allow them to attempt it.
Show the answers and have students self-assess their work.
Use the results to inform the recap suggested below.

	Introduction
SUGGESTED TIME: 
10–20 minutes
RESOURCES: 
R1 Slide deck – slides 2–9
Glossary
	Use slide 2 to introduce the objectives for this resource. 
Students might find it helpful to have their glossary nearby. Encourage them to write extra notes and terms in the glossary.
Famous disasters:
Use the slide deck (slides 3–8) to discuss some real-life situations where unit conversions have gone wrong, causing major dramas and potential disasters. 
For more information about the Vasa Warship see www.youtube.com/watch?v=Phqk_vXby1w (beginning at 4:45 gives a good overview.) For more info on NASA’s Mars Climate orbiter see www.simscale.com/blog/nasa-mars-climate-orbiter-metric/. 
Use slide 9 to show three different units for pressure on the pressure gauge. Ask students which one they would use and why. This could lead to a discussion about how different units can cause confusion and reading errors.
Use slide 9 to pause and discuss the high cost of the mistakes. Emphasise that in engineering and science, unit consistency is not an option – it is critical. The difference between success and failure in all these examples was simply a missed conversion factor. Using a universal and accurate system of measurement is essential to ensure that a design translates into an efficient, effective solution that performs exactly as intended.
Highlight that these five quantities – force, pressure, volume, length and temperature – are fundamental across common engineering disciplines (mechanical, electrical, construction).
Discuss what communication and documentation processes might have prevented these errors. For example, mandatory SI-only submissions, double-checking all interface control documents.
After discussing the disasters, ask what units students have encountered in their industry placements and what could happen if the units were not standardised, e.g. What would happen if they were given a length measurement without a unit? What would happen if they measured current in milliamps instead of amps?

	Activity 1 – Metric vs non-metric measurements
SUGGESTED TIME: 
10–15 minutes
RESOURCES: 
R1 Slide deck – slides 10–11
Ruler / tape measure
Measuring cylinder
Teaspoons
Mugs to measure capacity
Books or notebooks to measure
	Using slide 10, this activity will demonstrate why using non-standard units can be problematic.
Give each group a common object, such as a textbook and/or a mug of water. The items should be the same so that groups can compare results at the end.
First, ask the groups to measure the quantities using non-standard items such as the length of a textbook in hand spans, or a volume of water in teaspoons. This simulates the ‘non-standard’ measurement in each of the disasters.
Then ask the groups to measure the same object using a standard unit such as the length of the textbook in centimetres (using a ruler) or the volume of the mug in millilitres (using a measuring cylinder).
Compile the results on the board and analyse the results as a class. This should demonstrate that everyone's non-standard result is different, while everyone's standard result is nearly identical.
Remind students that this is what happened to the Mars Climate Orbiter. Lockheed Martin Aeronautics (the contractor for NASA) used imperial units that the probe was not set up to receive; the difference was catastrophic. This is why standardisation (SI) is non-negotiable in aerospace engineering. 
Use slide 11 to highlight that there is a standard unit system (SI) and that we often have to convert between it and non-standard measurements.

	Recap and Worked examples (optional)
SUGGESTED TIME: 
10 minutes
RESOURCES: 
R1 Readiness check
R1 Slide deck – slides 12–19
R1 Worksheet
Glossary
	If students had difficulties with the Readiness check, use the video from prior learning and recap slides below to help them master the material before moving to Activity 2.
Provide students with the R1 Worksheet, which contains the worked examples.
Students might find it helpful to have their glossary nearby during the recap and activity. Encourage them to write extra notes and terms in the glossary.
Unit conversion recap
Use slides 12–13 to walk through multiplicative conversion. Explain that when converting units using a multiplicative conversion factor (such as those for force, pressure or length), students should always structure their calculation so that the original unit is placed in the denominator of the conversion factor. This method ensures the original unit cancels out correctly, leaving only the desired final unit.
Worked example 1
Allow students to try slide 14 on their own and follow up with the solution on slide 15; it is reproduced on their worksheet.
Worked example 2
Show slide 16. Allow students to try the conversion on their own. It is reproduced on their worksheet. Then use slides 17–19 to walk through the solution.
Guidance is given at the bottom of some worked example slides to help students with common errors or misconceptions.

	Activity 2 – Unit conversions
SUGGESTED TIME: 
20–40 minutes
RESOURCES: 
R1 Slide deck – slide 20
R1 Worksheet
	Provide students with the R1 Worksheet if you have not already. Introduce the “The Catastrophic Conversion: NASA's Mars Climate Orbiter (1999)” scenario. Link the exercise to the discussion on the Mars Climate Orbiter. The students know what went wrong and now they are part of the investigation team.
Show slide 20. Now give students time to complete the five conversions in the worksheet table using the provided conversion. Encourage students to set out the problems in the same format as the worked example.
For each question, students should show full working, correct units and sense-check their answer. 
Circulate and address common errors, particularly the temperature conversion and setting up the conversion formula correctly.
Some conversion factors in the worksheet are approximations. Students may need reminding that the  means approximately, and that different levels of accuracy may be given in different contexts. This website provides all the conversion factors students may need to convert between units – https://mechanicalc.com/reference/unit-conversion-factors – and can be used to set additional questions.
Finally, allow students to complete the four practice questions at the end or assign them as independent work. 
Note that questions throughout these resources do not state required significant figures or decimal places. This is to mimic exam questions, which do not tend to contain these. The mark schemes account for this by providing acceptable tolerances for responses. Consider making students aware of this.

	Review
SUGGESTED TIME: 
10–15 minutes
RESOURCES: 
R1 Worksheet answers
	Display the worksheet answers.
Students swap worksheets and mark each other's work. This encourages immediate feedback and self-correction.
Discuss any areas students had difficulty with and provide further questions to test this skill if necessary.
Reiterate the financial and operational cost of the unit conversion error. Emphasise: "Accuracy in units is accuracy in engineering."


	Resource 1: Unit conversions
	



	Resource 1: Unit conversions
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[bookmark: _Toc227845873][bookmark: _Toc231906949]Resource 2: Formulae and rearrangement
This resource is designed to give students the opportunity to practise applying the correct mathematical formulae and rearranging them in a ‘real-life’ workplace scenario. It is set in the context of a Level 4 Engineering Design and Development Technician Apprentice finalising the specifications for a new Hydraulic Pitch Control Actuator System.
[bookmark: _Toc227845874][bookmark: _Toc231906049][bookmark: _Toc231906950]Preparation
	Resources provided
	Resource 2 Readiness check
Resource 2 Readiness check answers
Resource 2 Slide deck
Resource 2 Worksheet
Resource 2 Worksheet answers
Resource 2 Video (Formulae and rearrangement in industry)
Glossary

	Equipment needed
	Teacher projection facilities with sound 
Internet access for classroom activities

	Safety factors
	None

	Prior learning
	Basic algebraic rearrangement (e.g. ) from GCSE maths, including square root
SI units
Standard form
Unit conversions
Use the Readiness check to gauge prior learning. Guidance is given in the Activity guide.
You may wish to use these recap videos on formulae before the lesson or give to students to watch on their own: www.mathsgenie.co.uk/gcse/maths/edexcel/grade-3-3-13-substitution/videos and www.mathsgenie.co.uk/gcse/maths/edexcel/grade-5-5-6-changing-the-subject-of-a-formula/videos. There are other similar videos available.

	Common misconceptions
	Incorrect order of operations. When rearranging formulae, the order of operations should be followed in reverse. For example, to solve for  in  we should subtract first, not divide by  first.
Deriving the incorrect units in rearrangement. Encourage students to rearrange the formula before substituting in values, and to include the units.

	Accessibility
	Seek to ensure wide representation for any visiting speakers and case studies used.
Microsoft Equation Editor has been used for all maths equations to make it accessible to screen readers.


[bookmark: _Toc227845875][bookmark: _Toc231906050][bookmark: _Toc231906951]Activity guide
	Readiness check
SUGGESTED TIME: 
10 minutes
RESOURCES: 
R2 Readiness check
R2 Readiness check answers
	Give students the R2 Readiness check and allow them to attempt it.
Show the answers and have them self-assess their work.
Use the results to inform the recap suggested below.

	Introduction
SUGGESTED TIME: 
10–15 minutes
RESOURCES: 
R2 Slide deck – slides 2–4
R2 Video
	Use slide 2 to introduce the objectives for this resource. 
Use slide 3 of the slide deck to introduce the concept of engineering formulae as 'recipes' for calculation. Emphasise that knowing how to find any ingredient (variable) is essential.
Use the video (https://vimeo.com/1199780576/490c675b4c) on slide 4 to introduce how mathematical formulas are used in industry, why they are important and what could go wrong if you don't calculate them properly. The video shows the Orange Racing by JMH team and explains some of the crucial ways formulae are used in teams to monitor and react to changes in the car and environment during a race.
While watching the video, students could make notes on the following: 
· What mathematical principles are used? 
· Why are they important?

	Recap and Worked examples (optional)
SUGGESTED TIME: 
10 minutes
RESOURCES: 
R2 Readiness check
R2 Slide deck – slides 5–19
R2 Worksheet
Glossary
	If students had difficulties with the Readiness check, use the video from prior learning and recap slides below to help them master the material before moving to Activity 1.
Provide students with the R2 Worksheet, which contains the worked examples.
Students might find it helpful to have their glossary nearby during the recap and activity. Encourage them to write extra notes and terms in the glossary.
Optional recap of substitution
Use slides 5–8 to recap substitution if the students need extra support before giving them Worked example 1.
They contain two introductory examples on substituting in formulae – a simple example converting degrees Celsius to kelvin, and a more involved example using squares in the area of a circle. The substitutions are shown on the slide, but also consider modelling the substitution on a board and how to enter it correctly into a calculator. Point out that the units are squared when the radius is squared in the circle example.
Worked example 1
Worked example 1 is replicated on the worksheet.
Ask students to try Worked example 1 on slide 9 on their own first, or have them work through with you using slides 9–12. Encourage students to set up all problems this way and then apply the appropriate unit to their answer. Point out that some quantities will have a composite unit, i.e. a unit made up of the units of quantities from which it has been calculated, like in this example (newton-metres). Other quantities have their own units, such as pressure (pascals).
Guidance is given at the bottom of some worked example slides to help students with common errors or misconceptions.
Optional recap of rearrangement
Slides 13–14 use the earlier examples with rearrangement. Model the rearrangement on the board. The circle example uses square root. You may need to remind students that undoing square means square root, and that taking the square root gives us two answers – a positive and a negative. You can show this with a simple example of 4 = 2 or -2 because 22 =4 and (−2)2 = 4. Encourage them to think about why the radius must be the positive answer. It’s because radius is a length, and lengths cannot be negative – tape measures do not have negative numbers on them. Ensure students know how to use their calculators for square roots.
Worked example 2
Worked example 2 is replicated on the worksheet.
Work through Worked example 2 on slides 15–19. To avoid common mistakes with using the incorrect units in rearrangement, encourage students to rearrange the formula using variables first before substituting in the values.
Guidance is given at the bottom of some worked example slides to help students with common errors or misconceptions.
· Additional worked example
In the video, the engineer states that the Gas Law is an essential equation to understand.
The ideal gas equation is: PV = nRT.
Ask students to rearrange the equation to change the subject.

	Activity 1 – Formulae and rearrangement
SUGGESTED TIME: 
45–90 minutes
RESOURCES: 
R2 Worksheet 
R2 Slide deck – slides 5–8 and 13–14
Glossary
	Give the students the R2 Worksheet if you have not already.
Introduce the task at the bottom of page 1 by telling students that in their role as a Level 4 Engineering Design and Development Technician Apprentice, they need to finalise the specifications for a new Hydraulic Pitch Control Actuator System. This will involve them using the correct formulae and rearranging it. Remind students that they will be provided with a formulae sheet during their core exams, so they do not need to memorise the formulae. The aim of the activity is to develop confidence in manipulating formulae to solve problems.
Students work through the table, showing all the necessary rearrangement steps and completing the calculations in their working, as this will allow them/you to spot and correct mistakes quickly. They should also use the correct units and sense-check their answer.
Students might find it helpful to have their glossary nearby during the recap and activity. Encourage them to write extra notes and terms in the glossary.
Students are often rigid in their understanding of variables, accustomed to seeing equations in standard formats like . They can become confused when faced with domain-specific notation, such as , failing to recognise that the underlying algebraic structure remains the same. Students may need help interpreting the formulae on the worksheet.
Students may not have encountered subscripts like in Boyle’s law, . Tell them that the subscript 1 means before or initial, and that subscript 2 means after or final.
If necessary, use slides 5–8 and 13–14 to help students consolidate.

	Review
SUGGESTED TIME: 
15 minutes
RESOURCES: 
R2 Worksheet
R2 Worksheet answers
	Display the answers to the worksheet.
Review the most complex rearrangement isolating  from . Refer back to the slide deck if required, discuss any areas students had difficulty with and provide further questions to test this skill if necessary.
Use the three additional questions as further practice or as a follow-up task.
If some students need more support, you can provide an extra recap or direct them to a video in the prior learning section.


	Resource 2: Formulae and rearrangement
	



	Resource 2: Formulae and rearrangement




[bookmark: _Toc227845876][bookmark: _Toc231906952]Resource 3: Mechanical calculations
This resource is designed to give students the opportunity to develop calculation skills in a realistic scenario. It is set in the context of a Commissioning Engineer at a manufacturing plant reviewing and confirming the key operational parameters: speed, torque and power to ensure a belt and pulley system runs safely and efficiently.
[bookmark: _Toc227845877][bookmark: _Toc231906051][bookmark: _Toc231906953]Preparation
	Resources provided
	Resource 3 Readiness check
Resource 3 Readiness check answers
Resource 3 Slide deck
Resource 3 Worksheet
Resource 3 Worksheet answers
Glossary

	Equipment needed
	Teacher projection facilities with sound 
Internet access for classroom activities
Two different-sized pulleys (or two cardboard discs) mounted on a simple frame connected by a drive belt (e.g. a strong rubber band)
Ruler or tape measure

	Safety factors
	None

	Prior learning
	Formulae rearrangement 
Unit conversions (especially min to s, to and to )
Circle knowledge, such as radius, diameter and circumference
Use the Readiness check to gauge prior learning. Guidance is given in the Activity guide.
You may wish to use a 10-minute recap starter on changing the subject of a formula. www.mathsgenie.co.uk/gcse/maths/edexcel/grade-5-5-6-changing-the-subject-of-a-formula/videos provides a useful step-by-step video students may wish to refer to for extra guidance. There are other similar videos available.

	Common misconceptions
	rpm vs rad/s: Confusing rotational speed units when using 
Ensure students use the  formula correctly for inputs.
Diameter units: forgetting to convert diameter () from to when calculating linear belt speed () in .
Encourage students to convert measurements into those required in the final answer before starting a calculation involving a formula.
For ratios like speed ratios or efficiency, it is safest to convert to SI units, but all that matters is that the quantities in the ratio have the same units. This is emphasised on the worksheet solutions.

	Accessibility
	Seek to ensure wide representation for any visiting speakers and case studies used. 
Microsoft Equation Editor has been used for all maths equations to make it accessible to screen readers.


[bookmark: _Toc227845878][bookmark: _Toc231906052][bookmark: _Toc231906954]Activity guide
	Readiness check
SUGGESTED TIME: 
10 minutes
RESOURCES: 
R3 Readiness check
R3 Readiness check answers
	Give students the R3 Readiness check and allow them to attempt it.
Show the answers and have them self-assess their work.
Use the results to inform the optional recap suggested below.

	Introduction
SUGGESTED TIME: 
15 minutes
RESOURCES: 
R3 Slide deck –slides 2–5
	Use slide 2 to introduce the objectives for this resource. 
Discuss with students if and where they have seen conveyor belt systems in use in their industry placements or in day-to-day life and how they are beneficial. Common examples of conveyor belts include in factories, in supermarkets and for luggage at airports. Benefits include moving items safely and quickly, reducing the need for labour.
Use slides 3–5 to cover the basics of the conveyor belt, making sure that students understand the following:
· A conveyor belt is a simple system where a drive pulley and motor power the belt, while idler rollers give support and keep the belt stable under load. 
· The continuous loop design means it’s efficient (materials move smoothly from start to end) and perfect for repetitive transport, heavy loads, or high-volume throughput. 
· The system is flexible and can be adapted to different layouts (straight, inclined, curved), making it useful in many industries such as manufacturing, warehouses and logistics
· Explain that speed, torque, and power calculations are essential for preventing system failure.

	Recap and Worked example (optional)
SUGGESTED TIME: 
15–45 minutes
RESOURCES: 
· R3 Readiness check
· R3 Slide deck – slides 6–23
· R3 Worksheet
· Glossary
	If students had difficulties with the Readiness check on circles or angular speed, use the recap slides below to help them master the material before starting Activity 1.
Give students the R3 Worksheet.
T-Level engineering problems often require several stages of calculation. Students can lose confidence or track of their progress in longer workflows, particularly when unit conversions are required before the main calculation begins. This activity requires many steps. Help students feel confident with each part before moving on.
For this reason, the mechanical calculations in this recap activity are linked directly to the activity. Depending on students’ current understanding, you can:
· allow students to attempt Activity 1 and use the recap slides to help with difficult calculations if they are confident
· go through the recap slides all at once and allow students to attempt Activity 1 on their own if they have a good understanding but need a refresher
· go through the recap slides section by section and jump to the relevant part of Activity 1 if students need more support.
Modelling using circles
Use slides 6–13 to introduce using a circle as a model for a conveyor belt roller and how to determine belt speed. The key concept to get across is to link one revolution of a roller to the movement of the belt by a length equal to one circumference of the circle. Then the belt speed is calculated by multiplying the circumference by the angular speed (how many revolutions per minute, for example). Students now should be able to attempt the belt speed calculation in the table on the worksheet.
Students might find it helpful to have their glossary nearby during the recap and activity. Encourage them to write extra notes and terms in the glossary.
If students had difficulty with intuition on pulley wheel speed, use the recap slides below to help them master the material before starting Activity 1.
Speed ratio
Use slide 14 to explain the speed ratio. The diagram should help clarify the formula in the worksheet. Students can now attempt the speed ratio and driven pulley diameter calculations in the table on the worksheet.
If students had difficulty with angular speed calculations, use the recap slides below to help them master the material before starting Activity 1.
Angular speed
Use slide 15 to clarify the relationship between rpm and radians per second. This will help explain the torque formula that follows. Remind students that torque is the turning effect produced when a force acts at a distance from a pivot.
Use the slides to link torque to the concepts above.
Torque
Use slides 16–18 to introduce the torque formula and work through an example. The students should now attempt the driving torque calculation in the table on the worksheet.
Worked example – Efficiency
Finally, use slides 19–23 to walk students through the worked example for output power () focusing on the efficiency percentage to decimal conversion.
Guidance is given at the bottom of some worked example slides to help students with common errors or misconceptions.

	Activity 1 – Calculating key parameters
SUGGESTED TIME: 
15–45 minutes
RESOURCES: 
R3 Slide deck – slide 6
R3 Worksheet 
R3 Worksheet answers
Glossary
	In this activity, students will complete the Commissioning Engineer scenario. If the recap and worked example section has been taught, they will apply this learning to the specific scenario. 
Use slide 6 to introduce, or reintroduce, the Commissioning Engineer scenario: a new conveyor belt system has just been installed.  The mechanical contractor who installed the system provided a data sheet of theoretical performance values but used mixed units. Their task is to review and confirm the key operational parameters to ensure the system runs safely and efficiently before final handover.
Give students the R3 Worksheet, if you have not already, and ask them to complete the Calculating Key Parameters section.
Students might find it helpful to have their glossary nearby during the activity. Encourage them to write extra notes and terms in the glossary.
Encourage students to show all steps in their working as this will allow them / you to spot and correct mistakes quickly. They should also use the correct units and sense-check their answer.
Circulate as they do the worksheet to ensure correct unit conversions are made before calculating (especially to for torque). 
Display the answers so students can self-assess their work if they are working independently.

	Activity 2 – Practical 
Verifying the speed ratio formula (optional)
SUGGESTED TIME: 
45–60 minutes
RESOURCES: 
R3 Slide deck – slide 14
Two mounted different-sized pulleys
Ruler / tape measure
	For this activity, you may wish to display slide 14 again for an image.
Students are firstly going to calculate the theoretical speed ratio using diameters, then calculate the measured speed ratio by observing the number of turns, and finally compare the theoretical and measured values.
To deepen understanding of how pulley diameters affect rotational speed, try this short experiment. This helps students observe the inverse relationship shown in the speed ratio formula:
.
First, measure the diameter of both pulleys:
Let be the driving pulley and  be the driven pulley.
Use these measurements to calculate the theoretical speed ratio 
Next, set up the pulleys with a belt connecting them. Place a visible mark on each pulley so their rotation can be tracked.
Slowly turn the driving pulley ( one full revolution. While doing this, count the number of turns made by the driven pulley ( – this might be a fraction – and this is . 
Calculate the measured speed ratio ().
Finally, compare the theoretical ratio with the measured ratio.
They should observe that pulley size and speed are inversely related, i.e. a larger driven pulley rotates more slowly, and a smaller driven pulley rotates more quickly.

	Review
SUGGESTED TIME: 
15 minutes
RESOURCES: 
R3 Worksheet 
R3 Worksheet answers
	Discuss any areas students had difficulty with and provide further questions to test this skill if necessary.
Use the four additional worksheet questions as further practice or as a follow-up task. Encourage students to show all steps in their working as this will allow them / you to spot and correct mistakes quickly. They should also use the correct units and sense-check their answer.


	Resource 3: Mechanical calculations
	



	Resource 3: Mechanical calculations




[bookmark: _Toc227845879][bookmark: _Toc231906955]Resource 4: Calculus – Differentiation
This resource is designed to develop students' proficiency in differential calculus and apply it to essential engineering problems involving optimisation and calculating rates of change. The primary context is finding the maximum efficiency of a component design.
[bookmark: _Toc227845880][bookmark: _Toc231906053][bookmark: _Toc231906956]Preparation
	Resources provided
	Resource 4 Readiness check
Resource 4 Readiness check answers
Resource 4 Slide deck
Resource 4 Worksheet
Resource 4 Worksheet answers
Glossary

	Equipment needed
	Teacher projection facilities with sound 
Internet access for classroom activities
Calculator
Optional: Card/paper, rulers, scissors (to physically make the 30 cm x 
20 cm box)

	Safety factors
	None

	Prior learning
	Students should be familiar with the following concepts from GCSE:
Algebra: Expanding double brackets (for example ).
Algebra: Solving quadratic equations by factorising and the quadratic formula
Substitution of variables
Basic concept of a gradient (rate of change).
Use the Readiness check to gauge prior learning. Guidance is given in the Activity guide.
It is assumed that students will be able to use basic differentiation in this lesson. Some students may have seen it at GCSE or other coursework, and others may not. There is support in the Activity guide below.
Ability to perform and interpret basic differentiation, including second derivatives. If students require a recap, the slide deck contains a basic overview.

	Common misconceptions
	Algebraic error: Students incorrectly expanding the cubic volume function, often forgetting to multiply by the final 'x' (Height) term.
Encourage students to write out the problem step by step to avoid errors.
Calculus error: Forgetting to set the derivative to zero () to find the critical points.
Encourage students to write out the problem step-by-step to avoid errors.
Context error: Selecting the mathematically correct, but physically impossible, solution from the quadratic formula (e.g. selecting when the initial material width is only ).
Encourage students to write down the maximum value they can use for a given problem considering the constraints.

	Accessibility
	Seek to ensure wide representation for any visiting speakers and case studies used.
Students’ prior maths knowledge may vary. Consider holding a drop-in session where students can have additional support in mastering essential differentiation skills.
When finding minimum values for functions, some students may find it hard to visualise what is going on. Using graph drawing software such as www.desmos.com/calculator or www.geogebra.org/calculator can be helpful.
Microsoft Equation Editor has been used for all maths equations to make it accessible to screen readers.


[bookmark: _Toc227845881][bookmark: _Toc231906054][bookmark: _Toc231906957]Activity guide
	Readiness check
SUGGESTED TIME: 
10 minutes
RESOURCES: 
R4 Readiness check
R4 Readiness check answers
	Give students the R4 Readiness check and allow them to attempt it.
Show the answers and have them self-assess their work.
Use the results to inform the Optional recap suggested below.
It is important to note that the readiness check does not assess differentiation, but rather polynomials, distribution and factorisation that will support differentiation techniques.

	Introduction
SUGGESTED TIME: 
15–30 minutes
RESOURCES: 
R4 Slide deck slides 2–4
	Use slide 2 to introduce the objectives for this resource. 
Show slide 3 to very briefly introduce the concepts of calculus and differentiation. Alternatively, ask students if they can define differentiation to gauge baseline knowledge. 
Slide 4 outlines why differentiation is important in engineering and manufacturing, giving specific industry examples. 
Discuss with students any relevant industry placement experience that might help to give context. 

	Recap and Worked examples (optional)
SUGGESTED TIME: 
45 minutes
RESOURCES: 
R4 Slide deck – slides 5–25
R4 Worksheet 
R4 Worksheet answers
Glossary
	This resource focuses on polynomials because many engineering situations can be modelled by polynomials. It is assumed that you will need to teach basic differentiation before attempting Activity 1.
https://www.youtube.com/watch?v=xmmKJIaFFJY provides a useful step-by-step video students may wish to refer to for extra guidance
Students might find it helpful to have their glossary nearby during the recap and activity. Encourage them to write extra notes and terms in the glossary.
Polynomials
Use slides 5–6 to recap polynomials and practice differentiation if students require it.
Show slide 7 and allow students to try. Reveal the answers on slide 8. Then allow students to try the additional question on slide 8, and show the answers on slide 9.
Rates of change and optimisation recap
Use slides 10 and 11 to recap rates of change and the idea of optimisation.
Slide 11 is an animation. Point out that the gradient of the line at the maximum and minimum is flat (0).
Show slide 12 and allow students to try the problems. Then show and work through the answers on slides 13 and 14.
Worked example 1
Give students the R4 Worksheet.
This activity is designed to show students how differentiation is used in a real-life engineering situation. The lesson assumes that all students have a basic knowledge of differentiation already or have succeeded in revising slides 5–14 in the slide deck.
Introduce the Junior Design Engineer scenario. Walk students through Worked example 1 using the slide deck (from slide 15), which focuses on the steps for expanding and differentiating the cubic function to mitigate known algebraic weaknesses.
Guidance is given at the bottom of some worked example slides to help students with common errors or misconceptions.
Encourage students to use any mathematical method they are comfortable with for carrying out the various steps in the calculation. For example, in step 2 expanding brackets, students may prefer to use the FOIL or grid method. Expanding brackets are not revised in the slide deck, so if students need revision, this link provides students with examples of three different techniques they can use for expanding brackets: https://corbettmaths.com/2013/12/23/expanding-two-brackets-video-14/ 
Please note: Corbettmaths is the owner of this resource and its use is subject to their Terms of Use.
Worked example 2
Walk students through Worked example 2 using slides 20–25 to firmly establish the optimisation method.
Guidance is given at the bottom of some worked example slides to help students with common errors or misconceptions.

	Activity 1 – Box optimisation
SUGGESTED TIME: 
45 minutes
RESOURCES: 
R4 Slide deck slide 26
R4 Worksheet
Optional: Card/Paper, Rulers, Scissors 
	Give students the R4 Worksheet if you haven’t already.
Optional – Provide students with a rectangular sheet of material of 30 cm × 20 cm and ask them to create an open-top box with the maximum possible volume. This will allow students to see a visual representation of the volume curve before calculating the exact optimum using differentiation.
Slide 26 contains a diagram illustrating the problem. Explain that the flaps will be folded up to create a box with height x.
Some students might find it hard to translate a word-based engineering scenario into a mathematical model. They may understand the mechanics of solving an equation but fail to identify which equation applies to a specific problem (e.g. realising that a ‘rate of change’ or ‘optimisation’ problem requires differentiation).
Students complete the main activity to calculate the optimal dimensions of the box. Guide students through the six steps shown on the worksheet. Pay particular attention to the following:
Step 1: Ensure students check they have the correct answer  .
Step 3: Check that students have the correct answer for the derivative.
Step 4: Encourage students to write out the steps for the quadratic equation in full and complete in stages to avoid errors in simply plugging the numbers into their calculator. Ensure students have the correct answers before they proceed:  and to prevent errors being carried forward.
Step 5: A common issue is the blind acceptance of calculator outputs. Students frequently neglect to validate whether an answer is physically possible in the real world (for example, accepting a negative value for time or a calculated efficiency greater than 100%). Explain why one of the quadratic solutions is rejected (physical constraints).  must be less than half of the sheet's shortest side (e.g. 10 cm for a 20 cm sheet) to avoid cutting the material in half and leaving a side length of zero. Reinforce that sense-checking an answer is an essential engineering skill. State clearly which value of  is the 'Optimal Design' and which is the 'Mathematical Artifact' to be rejected.
Practice questions
Students complete the practice questions. For each question, students should show full working, correct units and sense-check their answer. Alternatively, these can be assigned as independent work.

	Review
SUGGESTED TIME: 
30 minutes
RESOURCES: 
R4 Worksheet answers
	Review the practice questions, ensuring students correctly translate the engineering context (e.g.  is velocity) into the correct derivative.
Discuss any areas students had difficulty with and provide further questions to test this skill if necessary, or using the slide deck to recap.
Additional optimisation problems with worked solutions can be found here: https://tutorial.math.lamar.edu/problems/calci/optimization.aspx


	Resource 4: Calculus - Differentiation
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[bookmark: _Toc227845882][bookmark: _Toc231906958]Resource 5: Calculus – Integration
[bookmark: _heading=h.t0ro49tn85sh]This resource is designed to develop students' proficiency in integral calculus and apply it to engineering problems involving cumulative change, such as finding total displacement from velocity or total energy from power.
[bookmark: _Toc227845883][bookmark: _Toc231906055][bookmark: _Toc231906959]Preparation
	Resources provided
	Resource 5 Readiness check
Resource 5 Readiness check answers
Resource 5 Slide deck
Resource 5 Worksheet
Resource 5 Worksheet answers
Glossary

	Equipment needed
	Teacher projection facilities with sound 
Internet access for classroom activities

	Safety factors
	None

	Prior learning
	Students should be familiar with the following concepts:
Substitution of values into functions.
Differentiation (see resource 4)
Basic concept of area under a curve.
Use the Readiness check to gauge prior learning. Guidance is given in the Activity guide.
It is assumed that students will be able to use basic integration in this lesson. Some students may have seen it at GCSE or other coursework, and others may not. There is support in the Activity guide below.
Ability to perform and analyse basic integration. The resource contains a basic recap and practice for integrating polynomials.

	Common misconceptions
	Power rule error: Forgetting to divide by the new power (e.g.  becomes , not just ).
Encourage students to write out the problem step by step to avoid errors and have these checked before proceeding until they are confident with the technique.
Constant of integration (): Forgetting to add for indefinite integrals, or failing to use initial conditions (e.g. ) to solve it.
Provide students with lots of practice to embed this skill – they do not have to complete the calculation each time but they need to say how they would carry it out.
Definite integral error: Confusing the limits or forgetting to subtract the lower limit result from the upper limit result.

	Accessibility
	Seek to ensure wide representation for any visiting speakers and case studies used.
Microsoft Equation Editor has been used for all maths equations to make it accessible to screen readers.


[bookmark: _Toc227845884][bookmark: _Toc231906056][bookmark: _Toc231906960]Activity guide
	Readiness check
SUGGESTED TIME: 
10 minutes
RESOURCES: 
R5 Readiness check
R5 Readiness check answers
	Give students the R5 Readiness check and allow them to attempt it.
Show the answers and have them self-assess their work.
Use the results to inform the Optional recap suggested below.
It is important to note that the readiness check does not assess integration, but rather working with polynomials and differentiation that will support integration techniques.

	Introduction
SUGGESTED TIME: 
15–30 minutes
RESOURCES: 
R5 Slide deck – slide 2–4
	Use slide 2 to introduce the objectives for this resource. 
Show slide 3 to very briefly introduce the concepts of calculus and integration. Alternatively, ask students if they can define integration to gauge baseline knowledge. 
Slide 4 outlines why integration is important in engineering and manufacturing, giving specific industry examples. 
Discuss with students any relevant industry placement experience that might help to give context.

	Recap and Worked examples (optional)
SUGGESTED TIME: 
45 minutes
RESOURCES: 
R5 Slide deck slides 5–21 
R5 Worksheet 
R5 Worksheet answers
Glossary
	It is assumed that you will need to teach basic integration techniques before attempting Activity 1.
This resource focuses on polynomials because many engineering situations can be modelled by polynomials.
www.youtube.com/watch?v=dXnHGdv0tbo provides a useful step-by-step video students may wish to refer to for extra guidance. There are other similar videos available. (Note: There are two arithmetic slips in the video. At around 10:32, the substitution for finding C uses 6 instead of 10. At around 12:00, 2.5 × 4 is stated as 6, but the correct value is 10. You may wish to point these out so students can still benefit from the otherwise useful explanation.)
Students might find it helpful to have their glossary nearby during the recap and activity. Encourage them to write extra notes and terms in the glossary.
Integration recap
Use slides 5–6 to recap polynomials and integrating them.
Show slide 7 and allow students to try to solve the problem. Reveal the answers on slide 8. 
Use slide 9 to illustrate the relationship between integration and differentiation. This introduces the constant C for indefinite integrals.
Area under the curve recap
Slide 10 illustrates the idea of the area under the curve by calculating the area of small rectangles between two points.
Slide 11 sets up the definite integral for the same function shown on slide 10.
Slide 12 evaluates the definite integral. Compare this answer to the
approximate answer on slide 10. They are close, but not the same. The integral gives the exact area under the curve.
Worked example 1
Give students the R5 Worksheet.
Walk students through Worked example 1 (Definite Integral) on slides 13–17, focusing on the steps for integration and the correct application of the upper and lower limits.
The student’s worksheet gives the scaffolding, but not the answers. You may also provide the worksheet solutions for the worked example.
Guidance is given at the bottom of some worked example slides to help students with common errors or misconceptions.
Worked example 2
Walk students through Worked example 2 (Indefinite Integral and Constant ) on slides 18–21, emphasising the crucial step of solving for  using initial conditions (). This example addresses the problem that some students might find the constant of integration hard, often required when finding displacement from velocity.
The student’s worksheet gives the scaffolding, but not the answers. You may also provide the worksheet solutions for the worked example.
Guidance is given at the bottom of some worked example slides to help students with common errors or misconceptions.

	Activity 1 – Integration 
SUGGESTED TIME: 
45 minutes
RESOURCES: 
R5 Slide deck – slide 22
R5 Worksheet
Glossary
	This activity is designed to show students how integration is used in a real-life engineering situation. The activity assumes that all students have a basic knowledge of integration.
Students might find it helpful to have their glossary nearby during the recap and activity. Encourage them to write extra notes and terms in the glossary.
Use slide 22 to introduce the Maintenance Engineer scenario. The worksheet has additional details.
Students complete the main task (total energy consumption), guiding them through the five steps, which requires a complete definite integration calculation linked to the engineering context of Power  Energy.
Circulate to ensure students are correctly dividing by the new power.
Emphasise that the units of the result of a calculation using integration are the units of the function times the units of the integration variable, e.g. integrating a velocity graph over time gives distance units  and integrating power over time gives energy units . 
Practice questions
Students complete the practice questions. For each question, students should show full working, correct units and sense-check their answer. Alternatively, these can be assigned as independent work.

	Review
SUGGESTED TIME: 
30 minutes
RESOURCES: 
R5 Worksheet answers
	Display and discuss the answers. Focus discussion on the difference between indefinite integration (finding an equation, requires ) and definite integration (finding a total value, uses limits).
Review the practice questions, particularly Question 2, to ensure students correctly use the initial displacement () to find the value of .
Discuss any areas students had difficulty with and provide further questions to test this skill if necessary.


	Resource 5: Calculus -Integration
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[bookmark: _heading=h.rz3ceouw64th][bookmark: _Toc231906057][bookmark: _Toc231906961]Weblinks and resources
All weblinks and resources have been used in accordance with the owner Terms and Conditions and, where specified, permission has been granted by the owner.
Although content has been reviewed, accessibility in externally linked resources cannot be guaranteed. Inclusion of web links or mention of external organisations within the teaching materials does not imply any affiliation with, endorsement by or sponsorship of these external organisations.
	Location
	Link (with permission if required)
	Owner
	Date last accessed

	Teaching Guide, page 3
	www.cityandguilds.com/qualifications-and-apprenticeships/engineering/mechanical/8730-t-level-technical-qualification-in-engineering-and-manufacturing-core
	City and Guilds*
	June 2026

	Teaching Guide, page 4
	www.technicaleducationnetworks.org.uk
	Technical Education Networks
	June 2026

	Teaching Guide, page 7
	support.tlevels.gov.uk/hc/en-gb/articles/360015345420-Industry-placement-logbook-for-students
	GOV.UK
	June 2026

	Teaching Guide, page 7
	www.raeng.org.uk/education-and-skills/further-education/t-level-engineering-and-manufacturing/ (with permission)
	The Royal Academy of Engineering
	June 2026

	Teaching Guide, page 7
	https://education.theiet.org/secondary/teaching-resources/essential-mathematics-for-engineering-and-manufacturing (with permission)
	The Institution of Engineering and Technology
	June 2026

	Teaching Guide, page 7
	https://mei.org.uk/
	MEI
	June 2026

	Teaching Guide, page 8
	https://amsp.org.uk/ (with permission)
	Advanced mathematics support programme
	June 2026

	Teaching Guide, page 8
	www.bbc.co.uk/bitesize/subjects/z6vg9j6
	BBC Bitesize
	June 2026

	Teaching Guide, page 8
	www.mathsisfun.com (with permission)
	Maths is Fun
	June 2026

	Teaching Guide, page 8
	https://nrich.maths.org/ (with permission)
	NRICH maths
	June 2026

	Teaching Guide, page 8
	https://isaacphysics.org/
	Isaac Physics
	June 2026

	Teaching Guide, page 8
	www.stem.org.uk/secondary/careers/resources/engineering-in-school/maths
	STEM Learning
	June 2026

	Teaching Guide, page 8
	www.mathcentre.ac.uk/
	Mathcentre
	June 2026

	Teaching Guide, page 13
	https://www.mathsgenie.co.uk/gcse/maths/edexcel/grade-1-1-4-metric-conversions/videos
	Maths Genie
	June 2026

	Teaching Guide, page 14
	www.youtube.com/watch?v=Phqk_vXby1w (with permission)
	Europa Universalis
	June 2026

	Teaching Guide, page 14
	www.simscale.com/blog/nasa-mars-climate-orbiter-metric/ (with permission)
	SimScale
	June 2026

	Teaching Guide, page 16
	https://mechanicalc.com/reference/unit-conversion-factors (with permission)
	MechaniCalc
	June 2026

	Teaching Guide, page 17
	https://www.mathsgenie.co.uk/gcse/maths/edexcel/grade-3-3-13-substitution/videos
	Maths Genie
	June 2026

	Teaching Guide, page 17 and 21
	www.mathsgenie.co.uk/gcse/maths/edexcel/grade-5-5-6-changing-the-subject-of-a-formula/videos
	Maths Genie
	June 2026

	Teaching Guide, page 26
	http://www.desmos.com/calculator (with permission)
	desmos
	June 2026

	Teaching Guide, page 26
	www.geogebra.org/calculator
	GeoGebra
	June 2026

	Teaching Guide, page 26
	www.youtube.com/watch?v=xmmKJIaFFJY
	Maths Genie
	June 2026

	Teaching Guide, page 27
	https://corbettmaths.com/2013/12/23/expanding-two-brackets-video-14/ 
	Corbettmaths**
	June 2026

	Teaching Guide, page 28
	https://tutorial.math.lamar.edu/problems/calci/optimization.aspx
	Paul’s Online Notes
	June 2026

	Teaching Guide, page 30
	www.youtube.com/watch?v=dXnHGdv0tbo
	Maths Genie
	June 2026
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**Corbettmaths is the owner of this resource and its use is subject to their Terms of Use. 
[bookmark: _Toc231906058][bookmark: _Toc231906962]Terms of use and disclaimer of liability
These resources are made available subject to the Technical Education Networks programme Terms and Conditions. These can be accessed at: www.technicaleducationnetworks.org.uk 
[bookmark: _heading=h.k81odqypk2wn]The Terms and Conditions set out the legal terms and associated information relating to the teaching materials and other assets produced as part of the Technical Education Networks programme. The Terms and Conditions may be updated from time to time, please ensure you have read and understood them each time you access the resource.
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