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[bookmark: _heading=h.8b8k6c90aui0]Introduction
[bookmark: _heading=h.3ln2w91cf1zq]This document for teachers outlines both the topic area covered, and the approach to using the suite of resources and assets for each resource. Unless otherwise stated, definitions of key terms have been developed by the authoring team and reviewed in the context of the activities. Teachers may choose to revise definitions as necessary and should review the content in advance of delivery to check it is appropriate for students. 
[bookmark: _Toc220587846][bookmark: _Toc233195700][bookmark: _Toc238035159]Topic purpose
Without practical context and industry insight, students may find it difficult to understand how electrical components work together in real systems. Hands-on experience and applied learning is therefore essential to help students build confidence and deepen their understanding, and this topic directly supports that.
This is a standalone topic that can also be easily integrated into existing schemes of work and used alongside other teaching materials. It is suggested that the topic is covered at a relevant point in Unit 8: Electrical and electronic principles as part of the core content of year 1 or directly after completing the unit and used as confirmation to check students’ understanding.
The topic consists of two resources which can be used together or independently:
· Resource 1: Circuits, voltage and current. This resource recaps GCSE knowledge on circuits, voltage and current before introducing transistors and diodes. Students practise building circuits containing these components and carry out associated mathematical calculations. 
· Resource 2: Practical project on dimmer switches. This practical project requires students to apply their knowledge of circuits, voltage and current to a task.
· The task requires students to design, draw, simulate, build and test a dimmer switch to control an LED light. 
Activities are sequenced to progress from circuit simulation to physical assembly, reinforcing problem-solving skills, accuracy, and awareness of industry standards. 
The accurate use of technical terminology is also encouraged and a glossary is included containing key terms that students are expected to use confidently and accurately.
There are also opportunities to develop several essential skills, including through the Employer Set Project (core skills), and general competencies for maths, English and digital skills highlighted in the learning outcomes and specification coverage. 
The learning from this topic can also be reinforced during industry placements: students can observe how similar principles are applied in the workplace, such as:
· responding to project briefs
· using engineering drawings
· carrying out quality checks
· following maintenance routines
· considering sustainability measures
· working with digital systems.
Students can record this learning in their industry placement logbook, strengthening links between classroom learning and industry practice.
[bookmark: _heading=h.kgibm655oywj][bookmark: _Toc220587847][bookmark: _Toc233195701][bookmark: _Toc238035160]Industry importance
Electronics plays a vital role in engineering and manufacturing because most modern systems are mechatronic, combining mechanical, electrical and electronic components. Understanding electronics helps T-level students see how automation, robotics and smart manufacturing systems operate, improving efficiency, accuracy and reliability in industrial processes.
Electronic knowledge is also essential for working safely and efficiently. Many equipment faults are caused by electronic failures rather than mechanical issues, so being able to diagnose and troubleshoot electronic systems is a key workplace skill. It also supports energy-efficient design and operation, which is increasingly important in industry.
Developing skills in electronics gives engineering and manufacturing students a strong foundation for a wide range of careers. These skills are highly valued across sectors such as aerospace, automotive and energy, making electronics an important part of long-term career progression.
‘Electronics isn't just about making things turn on. It's about control. You start by controlling a 9V battery, but the goal is to apply those same rules to control the National Grid. The principles don't change, only the stakes do.’
Stylli Charalampous, Royal Academy of Engineering
[bookmark: _Toc238035161]Industry links
· [bookmark: _heading=h.2mc0i3q3k44j]Electronics Club – Transistor Study Guide: https://electronicsclub.info/transistorcircuits.htm A practical guide specifically covering NPN transistor switching and dimming, which mirrors the project’s breadboard assembly.
· The IET – Wiring and Safety Standards: https://electrical.theiet.org/bs-7671/ An introduction to the UK’s national safety standards for electrical installations, providing professional context for the project's safety requirements.
· Electronics Tutorials – NPN Transistor Theory: www.electronics-tutorials.ws/transistor/tran_2.html A technical deep-dive into how transistors control current, supporting the calculations for base and collector currents.
· Khan Academy – Ohm’s Law and Circuit Analysis: www.khanacademy.org/science/in-in-class10th-physics/in-in-electricity/in-in-circuits-ohms-law-resistance/e/ohm-s-law-and-resistance Interactive videos and practice problems focused on the mathematical formulas required for resistor sizing and power ratings.
· Royal Academy of Engineering – STEM Resources: https://raeng.org.uk/education-and-skills/schools/stem-resources/ A collection of engineering masterclasses and case studies that link classroom electronics to real-world industrial applications. This link is specific for T-levels, further resources can be found here: www.raeng.org.uk/education-and-skills/further-education/further-education-resources/
· Voltimum UK – LED Lighting Technical Hub: https://www.voltimum.co.uk/news/lia/understanding-use-led-lighting-0?srsltid=AfmBOopIBAaRGm0ljDUjPQM9acHZWI2LdXAt74NFeKuFV4KTLkQT2ejJ  Professional portal featuring industry news on LED performance, thermal management, and modern dimming standards.
[bookmark: _heading=h.mz461o629nt8][bookmark: _Toc238035162]Prior learning
Students should have a secure understanding of:
· Circuit fundamentals: Voltage, current, resistance (Ohm’s Law), and electrical power calculations. BBC Bitesize is a useful website to revise these concepts: www.bbc.co.uk/bitesize/guides/zgvq4qt/revision/6  
· Series vs. parallel behaviour: Specifically, understanding that current splits in parallel branches while voltage splits in series loops. (Series and parallel circuits are covered in both GCSE and T-level (Unit 8: Electrical and Electronic principles) but feedback from City & Guilds shows students need more time to grasp these concepts to ensure a deeper understanding for their exams at the end of Year 1.)
· Component awareness:
· Passive components: Resistors (fixed and variable), capacitors, and inductors.
· Active components: Diodes (one-way current flow) and transistors (NPN/PNP switching and amplification).
· Sensors: LDRs and thermistors, and how their resistance changes with light or temperature.
· AC vs. DC: Differences between direct and alternating current, including frequency and time period.
Most of this content is covered in GCSE Science, except for capacitors, inductors, and transistors, which are introduced in Unit 8: Electrical and Electronic Principles. Students should be familiar with these components before using this resource. 
Students should also be able to:
· rearrange algebraic equations to make a different variable the subject;
· use Pythagoras’ Theorem to calculate the length of the long side (hypotenuse) given the two shorter sides;
· use sine, cosine, and tangent functions to calculate angles and side lengths;
· work confidently with scientific notation and metric prefixes (e.g., mega, micro, nano).
These mathematical skills are typically covered in GCSE Maths.
Many students will also have practical experience from GCSE Science, Design & Technology, Level 2 Engineering qualifications, or personal engineering-related interests and hobbies.
[bookmark: _heading=h.8569ylmg4jrc][bookmark: _Toc238035163]Accessibility
[bookmark: _heading=h.74zwigyj8wsp]The teaching materials have been designed to provide teachers with a flexible framework, including different approaches to activities, suggested consolidation activities to further embed knowledge, and adaptable study questions to assess learning. As with all resources, teachers will wish to consider the specific needs of their students when using the materials, including Special Educational Needs and Disabilities (SEND). Although content has been reviewed, accessibility in externally linked resources cannot be guaranteed.
	Introduction



	Introduction



Students' base level knowledge of engineering may affect how much explanation is needed to make appropriate industry links. Drawing on the students' own experiences including from their industry placements will support this. Students' understanding and experience of the world of work will vary, which may mean they find it challenging to apply the content to an industry environment. Whole group discussions and sharing your own and students' experiences will help expose students to different experiences.
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[bookmark: _Toc233195705][bookmark: _Toc238035164]Learning outcomes and specification coverage
	Resource
	Learning outcomes
	Specification coverage
	Skills and general competencies
	Links to other specification content

	1 – Circuits, voltage and current
	Students will be able to:
· Describe the key differences between parallel and series circuits
· Identify standard electronic symbols and describe their function
· Explain the function and uses of diodes and transistors 
· Use a breadboard to build an electronic circuit
· Calculate electrical values (voltage, current, resistance) in series and parallel circuits using standard formulas
	3.1 Drawings and information conveyed by drawings:
Circuit diagrams
Schematics (wiring diagrams)
How to interpret and present information, symbols, conventions and annotations on engineering drawings in accordance with the conventions of BSEN8888 and BSEN60617
8.1 Principles of electrical and electronic systems:
Basic principles of electricity and electronics – power
Electric circuit theories – direct current (DC), Ohm’s law (series/parallel)
DC circuit networks - semi-conductors (forward and reverse bias, N-type and P-type)
The use of Ohm’s law and electric circuit theories to calculate values in circuits, such as voltage, current and resistance
The definitions of terms used in electric circuit theory and their applications
	General competencies
English:
EC5: Synthesise information 
Maths:
MC2: Estimating, calculating and error spotting
MC4: Using rules and formulae 
Digital:
DC1: Use digital technology and media effectively
	T Level Technical Qualification in Engineering, Manufacturing, Processing and Control:
Unit 9.2 The operation, function and applications of programmable logic controllers (PLC) in mechatronic systems.
Unit 10.1 Principles and applications of control system theory
(Integration of electronic circuits with control systems (open/closed loop, feedback concepts)
T Level Technical Qualification in Design and Development for Engineering and Manufacturing
Occupational specialism: Control and instrumentation engineering:
1.6 Principles relevant to control and instrumentation engineering activities
Occupational specialism: Electrical and electronic engineering
1.10  Impacts of electrical and electronics principles

	2 – Practical project on dimmer switches
	Students will be able to:
Design, assemble and test a LED dimmer circuit on a breadboard 
Measure voltages and currents to diagnose circuit performance
Calculate actual transistor gain and compare it to manufacturer specifications
Evaluate their LED dimmer design
	3.1 Drawings and information conveyed by drawings:
Computer aided design models
Freehand sketching
8.1 Principles of electrical and electronic systems:
The physical principles underpinning electrical and electronic systems and devices
The properties and applications of semiconductor diodes and transistors:
The definitions of terms used in electric circuit theory and their applications
	Skills
MPC-CSD: Evaluate and quality assure processes and outcomes 
General competencies
Maths:
MC1: Measuring with precision 
MC2: Estimating, calculating and error spotting
MC4: Using rules and formulae 
Digital:
DC1: Use digital technology and media effectively
	T Level Technical Qualification in Engineering, Manufacturing, Processing and Control 
Unit 12: Health and Safety principles and coverage (safe handling of ELV (≤9V) circuits, risk assessment for AC extension, thermal safety and power dissipation limits)
Unit 17: Project and programme management (planning sequence from simulation to build and test)
T Level Technical Qualification in Maintenance, Installation and Repair for Engineering and Manufacturing
OS Maintenance engineering technologies: Control and instrumentation
1.7 Properties and applications of electrical and electronic systems, circuits and components
OS Light and electric vehicles:
1.11 Properties and applications of electrical and electronic systems, circuits and components
OS Maintenance engineering technologies: Mechatronic:
1.7 Properties and applications of electrical and electronic systems, circuits and components
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[bookmark: _Toc238035165]Resource guidance
[bookmark: _heading=h.8yj0rb1lrbln][bookmark: _Toc238035166]Resource 1: Circuits, voltage and current
In the first activity, students will recap their knowledge of voltage and current in series and parallel circuits. They will build on this knowledge in activity 2 through being introduced to the uses of transistors and diodes. Students will then gain practical experience in adding transistors and diodes to electrical circuits to investigate their uses and effects and carry out a range of circuit calculations.
[bookmark: _heading=h.mq0lhlfcuf8h][bookmark: _Toc238035167]Preparation
	[bookmark: _heading=h.c7h7nv3ut2sp]Resources provided
	R1 Slide deck
R1 Video (Circuits and calculations)
R1 Activity 1 Worksheet
R1 Activity 2 Worksheet
R1 Activity 2 Worksheet answers
Glossary

	Equipment needed
	Teacher projection facilities with sound 
Internet access for classroom activities
Pens/pencils and printouts
Breadboard and jumper wires
LEDs (various colours)
Resistors (100 Ω–1 kΩ,10 kΩ)
BC547 or similar NPN transistor
Low-voltage DC supply (5–9 V)
Simulation software (Circuit Wizard/Tinkercad®)
Optional: small switch and inline fuse

	Safety factors
	Electrical: Use only ELV (≤ 9V DC); prohibit mains involvement
Thermal: Check resistor power rating vs dissipation
Component damage: Verify transistor orientation before power-up
Capacitor discharge before handling in AC tasks
Always calculate LED resistor and check power rating
Power off before rewiring
Keep wiring tidy and avoid shorts
Ensure all equipment has been checked appropriately against the manufacturers guidelines and is safe to use before use
Ensure the correct measurement mode and terminals are selected; never connect an ammeter directly across the supply

	Prior learning
	Unit 8: Electrical and Electronic principles:
· Series and parallel circuits (also covered in GCSE science)
· Ohm’s Law and power calculations 
· LED forward voltage and current ratings
· Transistor basics (B-C-E terminals, hFE (transistor gain))
· Circuit diagrams (also covered in GCSE science)
· Use of Circuit wizard or Tinkercad®

	Common misconceptions
	Any resistor will work in a circuit.
Teachers should clarify that resistor value and power rating must be calculated to prevent overheating.
Transistors work in the same way as resistors.
In fact, a transistor is a controlled switch/amplifier, not a passive component.

	Accessibility
	Seek to ensure wide representation for any visiting speakers and case studies used.
Use visual aids for circuit diagrams and transistor pin-outs.
Allow simulation before physical assembly for students who need extra support.
Encourage peer collaboration and verbal explanation to reinforce understanding.
Adapt tasks for SEND learners by breaking down multi-step processes into smaller, clear stages.
Microsoft Equation Editor has been used for all maths equations to make it accessible to screen readers.


[bookmark: _heading=h.1pvdf7mapj6p][bookmark: _Toc238035168]Activity guide
	Activity 1 – Circuits, voltage and current
SUGGESTED TIME: 
45–60 minutes
RESOURCES: 
R1 Video
R1 Slide deck, slides 2–9
R1 Activity 1 Worksheet
Glossary
	In this activity, students will recap their GCSE knowledge of voltage and current in series and parallel circuits. The aim of this activity is to establish a solid diagnostic baseline regarding how current splits or remains constant and how voltage drops distribute across different circuit networks. Students must be confident in this content before progressing to Activity 2. 
A lot of key electronics terminology is covered in this activity. Provide students with a copy of the glossary to refer to or add to during the activity.
Share the learning outcomes on slide 2 before showing students the R1 video (https://vimeo.com/1219232696) on slide 3. Explain that in the video, an electrician will introduce the main differences between series and parallel circuits and the use of key mathematical formulae (P = VI and V = IR) in his career. Ask the students to make notes on these key learning points while they are watching. 
This video can also be used to introduce the students to the day-to-day tasks an electrical or electronic engineer could undertake. 
After viewing, hold a class discussion about what the students have learned from the video: the difference in the way a current flows through series and parallel circuits, and the two common calculations used: Ohm’s law and the power triangle. Check that students are secure in their knowledge on these key points.
Use the recap questions on slide 4 to check students’ current level of understanding. Q3 may require you to revisit with students how to manipulate the two formulae V = I R and P = V I to give P = I2 R and P = V2 ÷ R. Answers are provided on slide 5. Ensure students are confident in the use of both formulae by providing further practice, if necessary, before moving onto the next part of the activity. Explain the common misconception that any resistor will work in a circuit. Reinforce that the resistor value and power rating must be calculated to ensure the circuit operates correctly and to prevent the resistor from overheating.
Use a Predict-Observe-Explain activity to informally assess students’ practical deduction skills. Give students equipment and a circuit diagram with a deliberate ‘mystery’ or flaw. Ask them to predict readings, build the circuit, and explain their results. An example of a circuit they could be asked to complete is shown on slide 6. It is also provided on R1 Activity 1 Worksheet, a copy of which can be given to each student. Please note that the rectangular resistor symbol is used here. A zigzag symbol is also often used to represent a resistor. Students should be made aware of both.
Alternatively, this activity could be completed on simulation software such as Tinkercad®, Multisim, LJ Create, or Falstad where students simulate different circuits rather than physically build them.
A student demonstrating good understanding will immediately identify the ‘insufficient voltage headroom’ flaw. When circulating, ask individuals: 
· If you add a third LED in series here, what happens to the total forward voltage drop requirement, and how does that affect the current flow? 
· Answer: The total forward voltage drop increases further, and because it exceeds the source voltage, the circuit remains an open loop with zero current.
Listen for accurate use of technical terms such as summed voltage drops, depletion layer, potential difference and threshold voltage.
Slide 7 contains a summary of the key differences between parallel and series circuits which can be used for discussion. Present some example situations where students need to decide individually or in small groups whether a parallel or series circuit would be best suited. Example situations you could use include: 
· when designing lighting for a house, where each room’s light must stay on even if another bulb fails (parallel) 
· when planning the electrical system for a car, ensuring headlights, radio, and indicators operate independently (parallel)   
· when wiring an emergency alarm stop (E-stop) circuit with multiple stop buttons where reliability and continuous safety operation are critical (series). (Explain that this series safety configuration is a mandatory industry standard across manufacturing machinery, Computer Numerical Control (CNC) equipment, and conveyor systems, because pressing any single button must instantly break the loop and cut power immediately for safety compliance.)
Slide 8 contains key electronic schematic symbols. Students should be familiar with the examples provided and their meaning, as they have been chosen for their high relevance to this topic. This knowledge could be tested by pointing to symbols and asking students what they stand for. Alternatively, you could hide the slide, state the name of a symbol and ask the students to sketch what it looks like, revealing the answer on slide 9 which includes all the symbols plus their labels. Students could also be provided with a copy of slide 9 which they could annotate for their reference.

	Activity 2 – Circuits, voltage and current
SUGGESTED TIME: 
45–60 minutes
RESOURCES: 
R1 Slide deck, slides 10–19
R1 Activity 2 Worksheet
R1 Activity 2 Worksheet answers
Glossary
	In this activity, students will be introduced to the uses of transistors and diodes. The aim of this activity is to transition students from passive circuit concepts to understanding active semiconductor control, specifically grasping how a small base current can actuate or modulate a larger collector-emitter current. 
A lot of key electronics terminology is covered in this activity. Provide students with a copy of the glossary to refer to or add to during the activity.
Use slides 10–13 to introduce students to the uses of transistors (slides 10–12) and diodes (slide 13). 
Use slide 11 to focus on NPN transistors and how they are constructed, relating the physical Base, Collector, and Emitter terminals to their internal NPN semiconductor layers. Explicitly address the common misconception that transistors work in the same way as resistors. If students use non-technical language (e.g., calling terminals ‘legs’ or describing operation as ‘resisting current’), guide them toward accurate terms:
· Terminals vs. Wires – Require standard naming (Base, Collector, Emitter).
· Active vs. Passive – Reinforce that while a resistor is a passive component that limits current, a transistor is an active semiconductor component functioning as a controlled switch or amplifier.
· Control Mechanism – Emphasise that a tiny input Base current (I_B) controls a significantly larger Collector–Emitter current (I_CE) through current gain (h_FE).
Use the BC547 as an example of a lo-cost NPN transistor designed for general purpose switching and amplification, guiding students to identify its physical pinout layout.
Use slide 12 to talk through the 0.7 V rule which explains how it is used as an electrical switch.
Use slides 14 and 15 to introduce students to how a breadboard is connected internally (‘How the breadboard thinks’). Explain that each tiny hole holds a wire or component lead, and point out the key sections of the board:
· Power Rails (Horizontal) – The horizontal rows running along the top and bottom edges are linked all the way across. Explain that these are used for your main power (+V_cc) and Ground connections.
· Terminal Strips (Vertical) – The main working area consists of vertical columns where holes are connected in groups of 5.
· The 'Trench' – Highlight the centre divide running horizontally through the middle of the board. This gap isolates the top half from the bottom half, allowing components like ICs or transistors to span across without shorting.
· Red Flag (Common Pitfall) – Explain that students must never plug both ends of a component into the same vertical column, as this bypasses the component and creates a short circuit.
Display slide 16. This contains a circuit diagram for a simple LED flasher which students need to build on a breadboard and some questions to answer. This provides an opportunity for students to apply their knowledge of transistors into a practical circuit.
Answers: 
1. When transistor is ON → base ≈ 0.6–0.7V
When transistor is OFF → base ≈ 0V (or slightly negative briefly)
Key idea: transistor turns on at about 0.7V (silicon junction)
2. Typically around 4 seconds (depends on R and C values)
Example: 10kΩ + 100µF → ~1 second (approx)
3. Voltage slowly rises toward ~0.7V
When it reaches this level → transistor turns ON → rapid change occurs. This is the “trigger point.
Good understanding is demonstrated when students successfully configure the breadboard links without creating accidental horizontal shorts across the vertical rows. 
To further check the level of students’ understanding, ask: 
· Why does the LED flash repeatedly rather than remaining continuously lit or dark? 
· Answer: The capacitor continually charges and discharges; when the voltage across it reaches approximately 0.7 V, it biases the transistor base 'ON', allowing current to flow through the collector to illuminate the LED until the capacitor discharges below that threshold. 
Listen for key terms like silicon junction, forward bias, base-emitter saturation, and capacitive charging cycle.
Give each student a copy of R1 Activity 2 Worksheet. Ask them to complete the worksheet to practise carrying out a range of circuit calculations. You can choose how to approach this depending on the time you have available and your class size: students can work individually, in pairs or in small groups to answer the questions. 
Explain that the students will need to use the circuit calculations in the project task in Resource 2. This requires them to draw on knowledge from Unit 8 and should act as a further recap task to test understanding. 
For support, Slide 19 contains a worked example of how to determine the correct resistor to use, which students will need to draw upon to perform the calculation in Q2 on their worksheet. Similarly, Slide 20 contains a worked example of how to determine transistor gain, providing the necessary foundation for students to perform the calculation in Q3. Answers are provided for all questions in R1 Activity 2 Worksheet answers; this is an opportunity for the students to peer review/mark each other’s work before exploring the answers as a whole class.
When reviewing the answers for Q3 with the class, explicitly highlight the real-world context of these calculations by linking them to the BC547 transistor that students will use in the project task.
Explain that while the worksheet values are theoretical, a real-world BC547 datasheet specifies a DC current gain hFE typically ranging between 200 and 450. Introducing this context during the feedback session helps students understand how their mathematical calculations directly dictate physical component selection and practical circuit behaviour in industry.
An extension question is also provided which asks students to look at a voltage divider circuit and calculate a resistance value to give a desired voltage output. This could be used as a prompt to help students understand the role of a potentiometer, which they will actively use to vary the base voltage in the dimmer circuit in resource 2. This question could be tackled in pairs or small groups (pairing/grouping less confident students with more confident students).
Display slide 19 to recap what has been covered during this session. Use this final summary to make it explicitly clear that students have now successfully progressed from foundational circuit configurations to constructing active semiconductor loops on a physical breadboard. 
To support this recap and check for deeper understanding, pose open-ended questions to the whole class. For example: 
· How does an industrial maintenance technician exploit the different behaviours of current and voltage in series versus parallel configurations to safely wire a manufacturing line override?
Suggested answer: E-stops are wired in series so opening any switch breaks the current loop and shuts down the entire line instantly. Override switches are placed in parallel across control contacts to supply full system voltage directly to an actuator without affecting other circuits.
· Explain how a reliance on standardised electronic schematic symbols such as BS EN 60617 prevents costly errors when transferring a concept design to an industrial production floor. 
Suggested answer: Provides a single, unambiguous standard for technicians worldwide, avoiding misread components (like NO vs. NC contacts). Eliminates wiring errors, blown components, and expensive factory downtime caused by misinterpretation.
· Describe the physical behaviour of a transistor switching state, or how the 0.7 V threshold voltage alters circuit control on your breadboard.
Suggested answer: Applying Base voltage collapses the internal P"-" N junction barrier, turning the transistor ON to let main current flow from Collector to Emitter. The Base-Emitter junction stays OFF below 0.7" V" . Hitting 0.7" V"  snaps it ON, using a small control signal to switch a larger load (like an LED or motor).
This will help solidify the connection between classroom theory and real-world engineering practice.  
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[bookmark: _heading=h.icikfd80ay6j][bookmark: _Toc238035169]Resource 2: Practical project on dimmer switches
In this resource, students design a lighting solution for a cinema room. They will simulate making their own dimmer switch and carry out calculations to check that components are operating within safe power limits and that the circuit’s performance meets the client's requirements. They will then build the circuit board to test their theories and calculations and carry out an evaluation into the overall success of their project.
[bookmark: _heading=h.c6mooydpiz78][bookmark: _Toc238035170]Preparation
	Resources provided
	R2 Slide deck 
R2 Worksheet 
R2 Worksheet Answers
R2 Data sheet
Glossary

	Equipment needed
	Teacher projection facilities with sound 
Internet access for classroom activities
Pens/pencils and printouts
Breadboard and jumper wires
LEDs (various colours)
Resistors (100 Ω–1 kΩ,10 kΩ)
Potentiometer (10 kΩ)
BC547 or similar NPN transistor
Low-voltage DC supply (5–9 V)
Multimeter for voltage/current checks
Optional: small switch and inline fuse

	Safety factors
	Electrical: Use only ELV (≤ 9V DC); prohibit mains involvement
Thermal: Check resistor power rating vs dissipation
Component damage: Verify transistor orientation before power-up
AC extension: Only via isolated 10 V lab supply under supervision
Capacitor discharge before handling in AC tasks
Always calculate LED resistor and check power rating
Power off before rewiring
Keep wiring tidy and avoid shorts
Ensure all equipment has been checked appropriately against the manufacturers guidelines and is safe to use before use
Ensure the correct measurement mode and terminals are selected; never connect an ammeter directly across the supply

	Prior learning
	Unit 8: Electrical and Electronic principles:
· Series and parallel circuits (also covered in GCSE science)
· Ohm’s Law and power calculations 
· LED forward voltage and current ratings
· Transistor basics (B-C-E terminals, hFE)
· Circuit diagrams (also covered in GCSE science)
Breadboarding (from Resource 1)
Use of simulation software

	Common misconceptions
	A successful simulation of a working component guarantees success when physically produced.
Teachers should clarify that physical assembly introduces real-world factors like tolerance and wiring errors.
Dimmers solely reduce voltage
In reality, modern dimmers control power using electronic components, not simply voltage reduction.

	Accessibility
	Seek to ensure wide representation for any visiting speakers and case studies used.
Use visual aids for circuit diagrams and transistor pin-outs.
Provide scaffolded calculation sheets for resistor sizing and power checks.
Allow simulation before physical assembly for students who need extra support.
Encourage peer collaboration and verbal explanation to reinforce understanding.
Adapt tasks for SEND learners by breaking down multi-step processes into smaller, clear stages.
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	Activity 1- Designing an LED Dimmer:
SUGGESTED TIME: 
30 minutes
RESOURCES: 
R2 Slide deck, slides 2–9
R2 Worksheet
R2 Worksheet answers
	In this activity, students will design and simulate an LED dimmer switch. The aim of this activity is to teach students how to map a commercial design brief (a cinema lighting solution) onto a software prototype, testing how component values interact before executing a physical manufacturing build. 
A lot of key electronics terminology is covered in this activity. Provide students with a copy of the glossary to refer to or add to during the activity.
Share the learning outcomes on slide 2 before showing students the task: LED dimmer circuit on slide 3. Explain to the students that they are going to design and build a circuit that dims an LED using a potentiometer. It must be designed so that it can be powered by a battery, but also by an AC supply if required. 
Explain to students that a task like this would normally form part of a more detailed industrial project brief. Ask students if they have encountered a project brief in a work setting or during their industry placement, and discuss what information it contained, such as client performance specifications, target unit costs, strict deadlines, and engineering milestones.
Display slide 4 and give each student a copy of R2 Worksheet. You can choose how to approach the activities on this worksheet depending on the time you have available and your class size: students can work individually, in pairs or in small groups. 
Direct the students to the information under the heading ‘Task’, which includes the equipment list. Show the students the equipment they will be provided with and discuss their functions. Ensure students are confident in their use before progressing to the design task. Go through the equipment: 
· an LED (converts electrical energy into light)
· a potentiometer (acts as a variable resistor to control the base current of the transistor, allowing the LED brightness to be adjusted). Slide 5 can be used to introduce students/ remind students of the function of a potentiometer and examples of its use.)
· two resistors (R1 is protecting the LED and R2 limits the current to the transistor to prevent damage)
· a transistor (operates as a switch or current amplifier. A small base current controls a larger collector current flowing through the LED.)
· a battery (5–9 V) (provides electrical energy to drive the circuit.)
· breadboard (reusable board for building electronic circuits).
Explain that by the end of the project they will be expected to supply a working breadboard circuit alongside supporting technical calculations and a formal design evaluation.
Display slide 6 and ask students to read through Activity 1: Part 1: Simulation on their worksheet but before they carry out their simulation, ask the following questions to check understanding: 
· Why do we need a resistor in series with the LED? (To protect the LED as excessive current will destroy the semiconductor junction).
· What happens if the resistor power rating is too low? (The resistor will overheat via power dissipation and eventually burn out, creating an open circuit fault). 
· How does the potentiometer control LED brightness? (It adjusts the input resistance, thereby varying the base voltage and base current entering the transistor). 
· Why does the transistor require a minimum base voltage? (It operates as an electronic gate; until the base-to-emitter potential difference reaches approximately 0.7V, the depletion layer blocks current from flowing through from the collector to the output LED).
· Does a successful simulation of a working component guarantee success when physically produced? (Physical assembly can introduce real-world factors like tolerance and wiring errors.)
Students perform the simulation using Circuit Wizard or Tinkercad® to prototype the LED dimmer circuit following the 4 steps in Activity 1: Part 1 of the worksheet.
Direct students to Activity 1: Part 2: Circuit diagram on the R2 Worksheet while displaying slide 7. Instruct them to produce a neat, fully labelled circuit diagram of their simulated dimmer using either a pencil or CAD software.
Encourage students to answer question 2, writing brief explanations of each term. Example answers are provided in R2 Worksheet answers (a copy of which should be given to each student). You can use this as an opportunity for their students to peer review/mark each other’s work before exploring the answers as a whole class.
Example circuits are also provided on slides 8 and 9 which can be used for discussion or to provide scaffolding for students who would benefit from extra support.
Before allowing students to move from software simulation to physical assembly, verify their CAD layouts. Ask individuals: 
· Look at your simulation; when the potentiometer resistance is at zero ohms, what stops the transistor base from drawing excessive, destructive current? 
· Answer: The fixed limiting resistor R2 remains in series with the base, ensuring current stays within safe parameters defined by the datasheet.
Listen for terms like current-limiting, maximum ratings, schematic compliance, and virtual prototyping and check understanding.

	Activity 2 - Calculations and considerations
SUGGESTED TIME: 
30 minutes
RESOURCES: 
R2 Slide deck, slides 10–13
R2 Worksheet
R2 Worksheet answers
R2 Data sheet
	In Activity 2, students will carry out calculations and considerations on their worksheet to check that the components in their circuit are operating within safe power limits and that the circuit’s performance meets the client's requirements. The aim of this activity is for students to apply mathematical proof to physical engineering systems, demonstrating that component selection must be governed by quantifiable parameters rather than guesswork.
Display slide 10 and direct students to complete the calculations and considerations section in their worksheet (Activity 2) using knowledge they have gained from studying Unit 8 and completing resource 1. 
They then compare the predicted results they have obtained from designing, building, and simulating a circuit to the real-world results. Give each student a copy of R2 Data sheet which contains all the key formulae required for the LED dimmer project. 
Slides 11-13 contain a worked example calculation which could be used to support students when answering question 1. Examples of questions to ask when discussing the example include: 
· What happens if we use a   resistor instead? (The resistance is too low, the current will exceed the maximum 20mA rating, and the LED will overheat and burn out). 
· Why did we subtract 3.2 V from 9 V before dividing? (The LED drops a fixed forward voltage of 3.2 V; the current-limiting resistor manages only the remaining leftover voltage drops across that series loop).
Example answers are provided in R2 Worksheet answers. Note they are only a guide as each student/pair/group will have slightly different answers in both their theoretical calculations and practical measurements due to real-world variances. Possible points for discussion when going through the answers include:
· Question 2 - the transistor DC current gain is a dimensionless ratio so will not have units of measurement.
· Question 3 - the base value of the transistor must reach a certain value before it switches on. This is because the internal connection between the Base and the Emitter acts exactly like a silicon diode (a P–N junction). Inside the transistor, there is an internal electrical barrier (depletion layer) that blocks current flow. To overcome this barrier, the voltage must reach a specific ‘forward voltage drop’ typically 0.7 Volts for standard silicon transistors. Until the input signal exceeds this 0.7 V threshold, the transistor remains in its ‘cutoff’ state (acting as an open switch), and the LED will remain off. This is also a good point to dispel the misconception that dimmers solely reduce voltage, by explaining that modern dimmers control power using electronic components, not simply voltage reduction.
To check mathematical comprehension and application, pose this question to the class: 
· If the input voltage from your potentiometer is 5 V and the transistor gate needs 0.7 V to open, what is the exact remaining voltage dropped across your Base resistor? 
Answer: 5 V − 0.7 V = 4.3 V. 
A student showing high competency will successfully use Ohm's Law to calculate the resulting base current using that 4.3 V value. 
Check understanding and listen closely for terms like P–N junction profile, cutoff state, dimensionless ratio, and voltage drop allocation.

	Activity 3 - Practical
SUGGESTED TIME: 
30–45 minutes
RESOURCES: 
R2 Slide deck, slide 14
R2 Worksheet
R2 Worksheet answers
	Display slide 14. In Activity 3 students will build the circuit board using the materials from the Bill of materials (BOM) list, they should simulate and test their theories and calculations. Materials and equipment should be setup prior to the lesson start.
Students complete Activity 3: Practical task by following the steps on their worksheet and recording their results in steps 3 and 4.
Select a few students after completion to share and compare their results. Discuss why their results may differ compared to those of  others. For example: accurate use of measurement equipment and components incorrectly seated on the breadboard.

	Activity 4 - Evaluation
SUGGESTED TIME: 
30–45 minutes
RESOURCES: 
R2 Slide deck, slides 15–16
R2 Worksheet
R2 Worksheet answers
	Display slide 15. In this activity students carry out Activity 4: Evaluation on their worksheet to determine if they were successful in meeting the client’s brief.
Students complete the evaluation section on their worksheet. Example answers are provided in R2 Worksheet answers.
For additional guidance the following prompts can be used:
Performance: Ask students to test the full turn of the dial. Students should notice a ‘dead zone’ at the start of the pot rotation (where  is under 0.6 V because the transistor needs 0.7 V to open) and uneven dimming.
Accuracy: Ask students to compare their initial maths to a real multimeter reading. Students should identify that differences are caused by manufacturing tolerances (e.g., 5% resistors) or variations in actual transistor gain. High achieving students will recognise that a ‘9 V battery’ is rarely exactly 9 V, which also impacts accuracy.
Reliability: Ask students to leave the circuit on for 3 minutes and check for heat. Students should note the transistor gets warm because it acts like a resistor, wasting restricted electrical energy as heat. Ensure students link the maths (Watts) to the physical observation (not warm).
Safety and good practice: Ask students to prove mathematically that the circuit won't burn out.  Students should perform calculations that show actual power () is well below the 0.25 W resistor limit, and correct identification of polarity (red/black wires, LED anode). Check if students have used the term ‘safety margin’ as this is a key engineering concept.
Limitations: Ask students to suggest why this circuit is not used for large factory lights. Answers could include: too inefficient (wastes battery power as heat), cannot handle high currents (the transistor would melt), industry uses Pulse Width Modulation instead (If students have covered core Unit 10 Engineering and manufacturing control systems, they should be able to explain their suggestions). Improvements mentioning PWM or PCBs demonstrate excellent ‘next-step’ thinking.
Display slide 16 to recap what has been covered during this session. Use this final summary to make it explicitly clear that learners have now successfully compared their own gathered empirical data directly against manufacturing specifications via the component data sheets. 
To support this recap and check for deeper understanding, pose open-ended questions to the class rather than simply reading the slide points. For instance, you might ask students how the manufacturing tolerances found in the data sheets altered their perception of ‘perfect’ theoretical circuit calculations, or how they would explain the physical cause of the 0.7 V dead zone to a client.
Additionally, ask students how the efficiency limitations they evaluated today would alter their design choices if they were upgrading this circuit to a large-scale industrial lighting system. This will help to solidify the connection between classroom theory and real-world engineering practice.


	Resource 2: Practical project on dimmer switches
	



	Resource 2: Practical project on dimmer switches
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	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*
	August 2026

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

	Teaching Guide, page 7
	https://electronicsclub.info/transistorcircuits.htm (with permission)
	Electronics Club
	August 2026

	Teaching Guide, page 7
	https://electrical.theiet.org/bs-7671/ (with permission)
	The Institution of Engineering and Technology
	August 2026

	Teaching Guide, page 8
	www.electronics-tutorials.ws/transistor/tran_2.html 
	Electronics Tutorials
	August 2026

	Teaching Guide, page 8
	www.khanacademy.org/science/in-in-class10th-physics/in-in-electricity/in-in-circuits-ohms-law-resistance/e/ohm-s-law-and-resistance (with permission)
	Khan Academy
	August 2026

	Teaching Guide, page 8
	https://raeng.org.uk/education-and-skills/schools/stem-resources/ (with permission)
	Royal Academy of Engineering
	August 2026

	Teaching Guide, page 8
	www.raeng.org.uk/education-and-skills/further-education/further-education-resources/ (with permission)
	Royal Academy of Engineering
	August 2026

	Teaching Guide, page 8
	https://www.voltimum.co.uk/news/lia/understanding-use-led-lighting-0?srsltid=AfmBOopIBAaRGm0ljDUjPQM9acHZWI2LdXAt74NFeKuFV4KTLkQT2ejJ (with permission)
	Voltimum
	August 2026

	Teaching Guide, page 8
	www.bbc.co.uk/bitesize/guides/zgvq4qt/revision/6   
	BBC Bitesize
	August 2026
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