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1. Voltage drop
In a commercial installation, failing to account for ‘voltage drop’ can lead to system failure.
You have a  battery and want to power two red LEDs in a single series string.
Each LED has a forward voltage () of .
Explain whether the LEDS will light.
The total forward voltage of the LEDs is:
2.2 V + 2.2 V = 4.4 V.
The 9 V battery is sufficient because:
9 V > 4.4.
So, the LEDs will light because the total forward voltage (4.4 V) is less than the supply voltage (9 V).
Note: The remaining 4.6 V should be dropped across a resistor to limit the current and prevent the LEDs from burning out.

2. Resistor sizing
You have a supply and a blue LED ().
You want a current of ().
Calculate the required resistor value using:

Step 1: Substitute the known values into the equation.

Step 2: Calculate the resistor value.


Note: The voltage difference between the supply voltage and the LED forward voltage () is dropped across the resistor. In practice, the nearest higher standard resistor value, such as  (or  ), would be selected to ensure the current does not exceed the target value of 20 mA.

3. Transistor gain
You measure a base current () of 0.005 A (5mA) and a collector current () of 
0.15 A (150 mA). Calculate the gain () using:

Step 1: Substitute the known values into the equation and calculate the gain.


Context: This means the collector current is 300 times the base current. This is a typical gain value for a BC547 transistor.

Extension question
4. Voltage divider
You have a 5 V supply and want to bias the base of an NPN transistor at ~0.7 V using a voltage divider.
The resistor R2 has a value of 4.7 k.
Calculate the value of the second fixed resistor R1 using:

[image: Circuit diagram of voltage divider. ]  
Step 1: Substitute the known values.

Step 2: Rearrange to make R1 the subject.
· Divide both sides by 5: 

· Multiply both sides by :

· Expand the bracket:

· Subtract 658 from both sides:

· Divide by 0.14:


Step 3: Choose practical resistor values (pick standard values that match the ratio).
· 
· 
Step 4: Check the output.
· 
Result:
· Output ≈ 0.68 V (close enough for turning on a silicon transistor) 
· Slight variation is fine because base-emitter voltage is not exactly 0.7 V in reality.
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