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[bookmark: _heading=h.aw9crg50o64n]LED dimmer circuit: Worksheet
[bookmark: _heading=h.678gjcy8z1q6]Task
A client needs a lighting solution for a cinema room. Design and build a circuit that dims an LED, for use in this room. It is important that the brightness changes smoothly to maintain visual comfort, enhance ambience, reduce eye fatigue, and achieve energy efficiency.
It should conform to the following safety requirements, work reliably and its components should not become warm.
Resources available
· an LED
· a potentiometer
· two resistors
· a transistor  
· a battery (5 V)
· breadboard
Safety requirements
Current control: Limit LED and transistor current to under 20 mA using a correctly calculated series resistor.
Component orientation: Verify LED polarity and transistor pinouts (CBE) before applying power to prevent thermal damage.
Short circuit prevention: Ensure the positive and negative supply rails never come into direct contact on the breadboard.
Voltage limits: Maintain a stable supply voltage between 5–9V to prevent transistor breakdown.


[bookmark: _heading=h.fj1gltgdna41]Activity 1: Designing an LED dimmer
Part 1: Simulation
Use simulation software to prototype the LED dimmer circuit.
1. Open your chosen simulation software
2. Add the following components:
· DC power supply (5–9 V);
· potentiometer (10 kΩ);
· NPN transistor (BC547 or equivalent);
· LED;
· fixed resistor for the LED.
3. Wire the circuit so that:
· the potentiometer controls the base of the transistor;
· the LED is connected in the collector circuit.
4. Test the simulation by adjusting the potentiometer.
Part 2: Circuit diagram
1. Draw a circuit diagram of the dimmer circuit you simulated using pencil or CAD software Make sure you:
· Use correct electronic symbols
· Label:
· all components;
· voltage supply;
· resistor values;
· transistor terminals (B, C, E).
	















2. Write one sentence for each of the terms below to explain their function.
	Power supply
	

	Potentiometer
	

	Base resistor
	

	Transistor
	

	LED
	

	LED current-limiting resistor
	


Activity 2: Calculations and considerations
Before moving to the physical build, you must verify your design. These steps ensure your circuit is safe, efficient, and functions correctly.
1. LED protection 
Why this matters: LEDs are delicate; without a correctly sized resistor, too much current will flow, causing the LED to overheat and burn out instantly.
· Choose an LED colour and find its Forward Voltage () and Typical Current () from your Data Sheet.
· Calculate the required resistor value () using the formula: .
· Select the nearest standard resistor value (rounding up to the next available size).
· Verify Power Safety: Confirm that the power dissipated () is less than 0.25 W to ensure the resistor itself doesn’t overheat.
2. Performance check
Transistor Gain ()
Why this matters: This calculation verifies how well your transistor is working as an amplifier. It tells you if a small change in the ‘control’ current (Base) is resulting in a large enough ‘output’ current (Collector) to light the LED.
· Measure the Base Current () and the Collector Current () using your multimeter.
· Calculate the gain using the formula: .
· Compare your result with the ‘Typical gain’ listed on the transistor’s data sheet.
3. Voltage checkpoints 
Why this matters: Measuring voltages at different points (nodes) is the primary way engineers troubleshoot a circuit. These readings confirm if the transistor is On, Off, or somewhere in between (the active region).
Use a multimeter to measure and record:
· Base voltage ()
· Collector voltage ()
· Emitter voltage ()
Briefly explain what happens to these voltages as you turn the potentiometer. Does increase as the LED gets brighter?
Activity 3: Practical task
Step 1: Assemble the circuit on a prototyping board (breadboard).
Follow your design from Part 1. Use the standard schematic template below as your guide.
1. Prepare your bill of materials (BOM): Collect the components listed in the table below.
2. Breadboard assembly: Map the schematic symbols to the physical pins on your breadboard.
3. Pre-power check: Double-check your ‘Safety critical’ points:
· Transistor orientation: Is the flat side facing the correct way (C–B–E)?
· LED polarity: Is the long leg (Anode) connected to the positive side?
· Resistor placement: Are your calculated values in the correct slots?
	Bill of materials (BOM)

	Power supply: batteries or low voltage power supply of 5–9 V

	Potentiometer: 10 kΩ

	Transistor: BC547B or similar

	Resistor: 10 kΩ and 360 Ω connected to base of transistor

	LED: any colour

	Resistor to the correct value given the LED (you calculated this in part 1 of the worksheet)


Step 2: Power up safely
· Set the power supply to 5 V
· Switch on
· Slowly adjust the potentiometer
Step 3: Test the circuit
· Observe LED brightness
· Check for smooth dimming
· Measure LED current using a multimeter  ________________

Step 4: Record measurements
· Supply voltage: ____________
· LED current: _______________
· Base current: _______________
· Collector current: ____________
Activity 4: Evaluation
1. Performance
Does the LED dim smoothly enough to ensure visual comfort, or is there a noticeable ‘jump’ in brightness that might distract a viewer?
	


2. Accuracy
Compare your calculated LED current with your measured current.
Justify any differences. How do real-world factors like resistor tolerance (e.g., ±5%) or the specific gain () of your BC547 transistor impact the result?
	


3. Reliability
The brief specifies that components should not become warm. 
Based on your measurements and power calculations (), explain why your circuit is safe for long-term use in a confined cinema wall-mount.
	


4. Safety and good practice
Explain why a 0.25 W resistor is a safe choice for this installation. (Hint: Compare your calculated value to the 0.25 W limit; is there a sufficient safety margin?) Is polarity correct and clearly identified? 
	


5. Limitations
Identify at least two technical weaknesses. If you were mass-producing this for a high-end cinema, what would you change to make it more professional?
	


6. Reflection
Write a paragraph explaining whether you met the needs of your client. Including any steps you would do differently in the future.
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