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	Typical LED working voltage

	LED colour
	Forward voltage (Vf)
	Typical current (If)

	Red
	1.8–2.1 V
	10–20 mA

	Amber
	2.0–2.2 V
	10–20 mA

	Orange/Yellow
	1.9–2.2 V
	10–20 mA

	Green
	2.0–3.1 V
	10–20 mA

	White/Blue
	3.0–3.4 V
	20 mA


Series resistor for LED (𝑅𝑠𝑒𝑟𝑖𝑒𝑠)
To prevent an LED from burning out, use the following to calculate the required resistor:

where,
Vs is the supply voltage (e.g., 9 V battery)
Vf is the forward voltage of the LED (from the table above)
If is the desired LED current (e.g., 0.02 A for 20 mA).
Transistor gain (hFE)
The ratio of collector current to base current:


where,
hFE is the current gain (dimensionless)
Ic is the collector current (flowing through the load/LED)
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IB is the base current (flowing from the control/potentiometer).
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COMMON ELECTRONIC SYMBOLS (BS EN 60617 Standard)

Plain Schematic Reference Chart
*No decorative elements*
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